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ABSTRACT OF THESIS 
This is a study of sexual differentiation in sheep. 
The effects of perinatalsteroid treatments on the anatomy, 
behaviour and physiology of females of various species 
are reviewed. 
Pregnant Finnish Landrace x Dorset Horn ewes were given 
subcutaneous implants of 1 gtestosterone between days 30-80 
(D30-80), 50-100 (D50-100), 70-120 (D70-120) or 90-140 
(D90-140)óf gestation. 	Agroup of control ewes remained 
untreated. 	The D30-80 and D50-100-implanted ewes became 
aggressive, and showed clitoral hypertrophy during the 
treatment; these effects were less marked in the D70-120 
ewes and absent in the D90-140 and control ewes. 	The use 
of this treatment to androgenise female fetuses is evaluated. 
Female offspring of the D30-80 implanted ewes were 
born with a penis, scrotum 
D50-100 'and D70-120 female 
openings and hypertrophied 
female lambs were normal. 
ovaries and Mllerian duct 
derivatives also proliferal 
and no vaginal opening; the 
offspring had constricted vaginal 
clitorides; the D90-140 and control 
Internally, all the ewes possessed 
derivatives. 	Wolff ian duct 
ed in the D30-80 offspring. 	The 
:..:effects of prenatal testosteroneon the external genitalia 
of ewe fetuses. are discussed. 
vii. 
From the beginning of their first mating season, records 
of oestrous behaviour were kept for the prenatally andro-
genised and control ewes. 	Daily plasma samples were 
collected to measure progesteronelevels and the ewes were 
laparotomised to determine whether they were ovulating. 
Ewes exposed to testosterone before day 90 of fetal life 
failed to have regular overt oestrous cycles and many 
also failed to ovulate. Ovulatory failure was most marked 
in the D50-100 ewes. 
Masculine patterns of urination were adopted by the 
D30-80, D50-100 and D70-120 androgenised ewes but not by 
the D90-140 or control ewes. 	It is suggested that prenatal 
testosterone acts on the brain before day 90 of fetal life 
to masculinise urination behaviour in sheep. 
The masculine sexual behaviour of control and andro-
genised ewes was quanti'.w while they were intact or 
castrated, and with or without exogenous steroid hormones. 
- All -the prenatally androgenised ewes showed enhanced masculine 
behaviour; this was most pronounced in the D50-100 and 
D70-120 ewes.. 
The pattern of LH secretion in prenatally androgenised 
and control ewes was monitored by measuring LH in their 
peripheral plasma. The androgenised ewes showed a basically 
female pattern of LH release but centres within the hypo-
thalamus that controlled the. positive feedback mechanism 
appeared to be less sensitive to oestrogen in these ewes. 
viii. 
Finally, the implantation of pregnant ewes with testos-
terone was evaluated as a method of masculinising ewe fetuses. 
The inter-relationships between anatomical, behavioural and 
physiological traits in androgenised ewes are discussed. 
Behavioural masculinisatioñ and defeminisation of prenatally 
androgenised ewes is considered in relation to impairments 
in the ovulatory mechanisms of these ewes. 
CHAPTER ONE 
REV IEM OF LITERATURE 
1.1 	 INTRODUCTION 
The sexual development of mammals may be divided into 
two discrete stages: sex determination, whereby the genetic 
sex of an individual dictates whether an ovary or a testis 
develops; and sexual differentiation, in which gonadal 
hormones control the development of the brain and peripheral 
tissues. 	This thesis is concerned with hormonally induced 
sexual differentiation. 	Figure 1.1 shows the sequence of 
events during sexual development. 	The influence of hormonal 
sex on phenotypic sex and brain sex is reviewed. 
1.2 SEXUAL DIFFERENTIATION OF THE INTERNAL AND EXTERNAL 
GENITALIA 
Prior to the onset of sexual differentiation both sexes 
possess Wolff ian and MUllerian ducts, urogenital sinus and 
a primordial genital tubercle. 	In males the testicular 
hormones cause the development of the Wolf fian ducts and 
the accessory glands derived from the urogenital sinus (prostate, 
bulbo-urethral glands), the regression of the MUllerian ducts 
and the growth of the genital tubercle into a penis. 	In the 
absence of these hormones, the WUllerian ducts regress and the 
genital tubercle becomes a clitoris. 
The first indication that gonadal hormones were important 


















Brain Sex 	 Phenoty ic Sex 
2. 
FIGURE 1.1: 
The Sequence of Events in Sexual Differentiation 
3. 
from an early study of the bovine freemartin (Tandler and 
Keller, 1911). 	These authors showed that freemartins only 
occurred when twins of the opposite sex shared a common 
placental circulation. 	Testicular sex hormones passing from 
the male into the female fetus were thus considered to be 
the primary cause of freemartinism (Keller and Tandler, 1916; 
Lillie, 1916; 1917). 	Very early studies by Hunter (1779) 
showed that bovine freemartins developed masculine internal 
genitalia. 	Subsequent authors have verified freemartins 
usually possess seminal vesicles, vasa deferentia and: 
epididymides (of Wolf fian duct origin), whereas their 
fallopian tubes and uterus (of Millerian duct origin) are 
small and sometimes absent (Lillie, 1916, 1917; Gerneke, 
1967; Short, Mann, Evans,Hallett, Fryer and Hamerton, 1969; 
Jost ) Vigier and Prpin, 1972; Jost, Vigier, Prpin and 
Perchellet, 1973; Jost, Perchellet, Prpin and Vigier, 1975). 
The external genitalia of freemartins remain essentially 
feminine but may be partiallyfflafai/irn5 	and a prostate gland 
may develop from the urogenital sinus (Jost et al., 1975). 
Freemartins are chimaeras, possessing XY cells that 
originate from the male co-twin via the vascular connection 
(Ohno, Trujillo, Stenius, Christian and Teplitz, 1962; 
Shortetal., 1969; Ohno, 1969.). 	The basic defect in 
freemartinism is partial sex reversal of the gonads (Ohno, 
1969; Short et al., 1969; Jost etal., 1973). 	Testosterone 
will not affect gonadal development in normal cow fetuses 
(Jost, Chodkiewicz and Maulon, 1963; Jainudeen and Hafez, 
1965), and the original theory that sex hormones from a male 
4. 
co-twin cause freemartinism (Keller and Tandler, 1969; Lillie, 
1917) is not tenable. 	Another theory of freemartinism was 
that XY cells from the male fetus may have promoted testicular 
tissue formationin the female co-twin's gonads (Fechheimer, 
Herschler and Gilmore, 1963). 	This theory is also unaccept- 
able since opposite sexed marmoset monkeys may be chimaeric 
as a result of placental anastomoses, but'sexual development 
of the female co-twin is normal (Benirschke and Brownhill, 
1962). 	Furthermore, ligation of the vascular link between 
male and female calf fetuses prevents freemartinism although 
chimaeric cells may be found in the female's liver (Vigier, 
Locatelli, Prpin, du Mesouil, du Brisson and Jost, 1976). 
Witschi (1965; 1970) proposed that gonadal development was 
under the control of inducer and inhibitor substances, and 
the sex reversed gonads of the freemartin may be a result of 
an inducer passing from the male co-twin to the female and 
causing retention of medullary cords in the female. 
In addition to the bovine, freemartinism has been studied 
in pigs (Hughes, 1929; Breeuwsma, 1970), goats (Hamerton, 
Dickson, Pollard, Grieves and Short, 1969) and sheep 
(Alexander and Williams, 1964; Gerneke, 1967; Brure, 1967; 
Brure and McNab, 1968; Dam, 1971; Short, 1974). 	In sheep, 
freemartins possess testes, vasa deferentia, seminal vesicles 
and a hypertrophied clitoris; the Müllerian ducts are poorly 
developed (Gerneke, 1967; Short, 1974). 
Although it has subsequently been proven that testos- 
terone does not cause gonadal sex reversal in freemartins, the 
5. 
theories of Keller and Tandler (1916) and Lillie (1917) did 
advance the idea that hormones caused sexual differentiation. 
Proof that testicular hormones had direct control over the 
development of the reproductive tract was provided by Jost 
(1947) in a series of experiments in which rabbit fetuses 
were castrated in utero and observed at birth. 	If male 
rabbits were castrated on day 19 of prenatal life they did 
not develop a penis and their Wolf fian ducts degenerated. 
Furthermore, their MUllerian ducts persisted and developed 
into a normal female tract. 	Prenatal castration of.females 
caused no anomalies in their development. 	From these 
experiments Jost deduced the following: 
The presence of a testis during tract development 
promotes the differentiation of the Wolf fian ducts 
and causes the Müllerian ducts to regress. 	Secretions 
from the fetal testis also cause the development of 
the genital tubercle into a penis. 
The ovaries play no part in the normal development 
of a female reproductive tract, and the sex of the 
genital tract is entirely dependent upon the presence 
or absence of testes. 
These conclusions were also verified in experiments on mice whosc 
gonads had been destroyed in utero by an X-ray beam (Raynaid 
and Frilley, 1947). 
Further work by Jost (1947; 1953) established that 
6. 
testosterone was the active agent that promoted masculine 
development. 	A testicular graft in a female fetus or 
a testosterone propionate (TP) crystal placed near the ovary 
caused proliferation of the Wolf fian ducts. 	However, the 
testis graft, but not the TP crystal, also caused Mullerian 
duct degeneration, suggesting that some testicular secretion 
other than testosterone actively inhibited female tract 
development. 	Subsequent work has verified that the Millierian 
duct inhibiting substance (MIS) is secreted from the Sertoli 
cells of the testis although the chemical nature of this 
hormone is unknown (Josso, 1974; Blanchard and Josso, 1974). 
In vitro, the calf testis inhibits Millerian duct development 
(Josso, 1973) and MIS is probably responsible for the lack of 
uterine development in bovine freemartins (Jost et al., 1975). 
Furthermore, testosterone secretion from the bovine freemartin's 
own gonad may be responsible for genital tract virilisation 
(Short et al., 1969). 	Testosterone from a male co-twin is 
unlikely to reach a female co-twin because of placental 
aromatisation of androgens (Pierrepoint, Stewart and Rack,1969). 
The reason why the bovine freemartin fails to develop a penis 
is possibly because the gonad does not secrete sufficient 
testosterone during the period of genital tubercle differentiation. 
Virilisation of the Wolf fian ducts and the urogenital sinus 
may be stimulated by testosterone production during a later 
stage of gestation (Jost et al., 1975). 	Prenatal testicular 
androgen secretion may be eliminated by the use of anti-androgens 
as well as by the more arduous method of fetal castration. 
Thus the discovery in 1961 of a highly potent anti-androgen, 
cyproterone acetate (1, 2a-methylene-6-chloro-t 46-pregnadi ene- 
7. 
17cx-ol-3,20 dione-17a acetate), provided a valuable experi-
mental tool with which Jost's theories of sexual differentiation 
could be corroborated. 	When pregnant rats were injected 
with cyproterone acetate during late pregnancy, the external 
genitalia of their male offspring were feminised (Neumann, 
Elger and Steinbeck, 1970). 	Partial degeneration of the 
Wolf fian ducts in the male rat offspring was also caused by 
the drug. 	More complete, but never total, reduction in the 
male tract was evident in male rabbits (Elger, 1966) and 
dogs (Steinbeck, Neumann and Elger, 1970) that had been exposed 
to cyproterone acetate during prenatal life. 	In all the 
species studied, Mi1lerian ducts failed to develop in the 
cyproterone acetate treated males, presumably because of 
MIS secreted from their testes. 	Cyproterone acetate also 
prevented the development of Wolff ian ducts in female rat 
fetuses that had been exposed to methyltestosterone, but the 
MUllerian ducts developed normally in these animals (Neumann 
et al., 1970; Neumann, Elger, Steinbeck and Grãf, 1975). 
In summary, the studies with cyproterone acetate have 
exemplified the importance of androgens in promoting masculine 
development and provided further proof of MIS being secreted 
by the testes. 
The administration of androgens to pregnant mothers 
during a critical stage of pregnancy has now been shown to 
mascu1irze the external genitalia and Wolf fian ducts of female 
fetuses in a number of species including mice (Turner, Haffen 
and Struett, 1939), hamsters (Bruner and Witschi, 1946), rats 
(Greene, Burrill and Ivy, 1939), guinea pigs (Phoenix, Goy, 
Gerall and Young, 1959), cows (Jost et al., 1963), monkeys 
(Goy, 1968), rabbits (Jost, 1947), dogs (Beach and Kuehn, 
1970), sheep (Short, 1974), ferrets (Baum, 1976) and humans 
(Wilkins, Jones, Holman and Stempfel, 1959). 	Generally, 
prenatal androgen causes masculinisation of the genital 
tubercle in female fetuses, 	and the vaginal opening is 
constricted or sometimes closed; Wolff ian derivatives 
proliferate and Müllerian derivatives develop normally. 
Male accessory glands originating from the urogenital sinus 
also develop in females exposed to testosterone during fetal 
development. 	These observations conform to the rule that 
testosterone has a masculinising role in mammalian sexual 
differentiation. 
A variety of genital anomalies in humans may be explained 
in terms of the above theory of sexual differentiation and two 
will be considered here; testicular feminisation and congenital 
adrenal hyperplasia. 
Testicular feminisation may be regarded as synonymous to 
the condition that is experimentally produced by treating 
male fetuses with cyproterone acetate. 	Individuals with 
testicular feminisation possess a 46 XY karyotype but at birth 
they appear feminine (Morris, 1953). 	Their gonads differentiate 
as intra-abdominal testes and may secrete normal amounts of 
testosterone (Jeffcoate, Brooks and Pruntz, 1968) but their 
genitalia are insensitive to the androgen so that a masculine 
reproductive tract and phallus fail to develop. 	During 
sexual differentiation their testes inhibit the development 
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of Mullerian ducts so that they possess neither male nor 
female internal sex organs (Makesh, 1969; Polani, 1970). 
Oestrogen secretion from the testes of patients with testicular 
feminisation is sufficient to cause normal breast growth 
(Jeffcoate et al., 1968; Polani, 1970). 
Short (1969) suggests that the first case of testicular 
feminisation may have been described in cattle by John Hunter 
nearly 200 years ago. 	Similar cases have subsequently been 
described in cattle (Ness, 1966) as well as in sheep (Bruere, 
McDonald and Marshall, 1969), mice (Lyon and Hawkes, 1970) 
and rats (Bardin, Bullock, Schneider, Allison and Stanley, 1970), 
Testicular feminisation in mice is caused be an X-linked 
gene (Lyon and Hawkes, 1970), explaining the genetic inheritance 
of this trait in humans (Polani, 1970). 	Mauvais-Jarvis, Floch 
and Bercovici (1968) suggested that a deficiency of the 
enzyme 5a-reductase may be the reason for androgen insensitivity 
of target tissues in cases of testicular feminisation. . This 
enzyme converts testosterone to 5a-dihydrotestosterone and 
the latter appears to be a potent androgen at the target organ 
level (Eik-Nes, 1975). 	A study of testosterone metabolism 
in eight organs from rats with testicular feminisa -tion has 
failed to show any impairment of androgen metabolism at the 
cellular level (Bardin, Bullock, Sherins, Mowszowicz and 
Blackburn, 1973). 	However, Bardin et a11 (1973) did show that 
testicular feminisation caused a reduction in the number of 
androgen receptors in rats with testicular feminisation, 
compared to normal males. 
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The target organ insensitivity to androgens and the 
inhibiting effect of the testes on Müllerian duct development 
in testicular feminisation is in accordance with the hormonal 
theory of sexual differentiation; testosterone is responsible 
for the development of a male type and MIS inhibits the 
development of a female tract. 
Another naturally occurring cause of human intersexuality 
is congenital adrenal hyperplasia in genetic females. 	This 
is an autosomal recessive trait whereby the newborn female has 
a masculine appearance. 	Hyperplasia of the adrenal cortex 
is essentially a biochemical defect that causes the secretion 
of excessive amounts of androgen at the expense of cortisol 
(Montgomery, 1969). 	In the adrenogenital syndrome a lowered 
secretion of cortisol causes hypersecretion of ACTH, which in 
turn over stimulates the adrenal cortex (Wilkins, Bongiovanni, 
Clayton, Grumbach and Van Wyk,.1955). 
The excessive amount of androgen produced by the adrenal 
gland in congenital adrenal hyperplasia causes virilisation 
of the external genitalia. 	Internally, a normal female tract 
develops. 	The virilising action of the adrenal androgens is 
consistent with the hormonal theory of sexual differentiation, 
as presented above. 	Experimentally, a condition similar to 
congenital adrenal hyperplasia may be produced in females by 
administering exogenous androgens. 
Montgomery (1969) claims that the Wolff ian ducts do not 
proliferate in cases of congenital adrenal hyperplasia and 
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Money and Erhardt (1972a) suggest that this is because the 
enhancement of adrenal androgen secretion occurs too late 
in gestation. 	This suggestion is not consistent with 
experimental observations. 	For example, in the cow Wolf fian 
duct development may be promoted by. androgen after day 60 
of fetal life, whereas differentiation of the external 
genitalia occurs earlier (Jost et al., 1973). 	If the 
chronology of sexual development is the same in humans as 
in other species, as suggested by Jost et al. (1973), then 
one would expect Wolff Ian duct proliferation in cases of 
congenital adrenal hyperplasia. 
In conclusion, the hormonal theory of sexual differ-
entiation of internal and external genitalia is explained 
by the presence or absence of a testis during development. 
The fetal ovaries play no part in sexual differentiation. 
The testes secrete two clas of hormones that affect sexual 
differentiation; androgens that cause masculinisation of 
the genital tubercle and Wolff ian duct proliferation, and 
a Müllerian duct inhibiting substance that prevents the 
development of a female tract. 	The female is thus able 
to be masculinised by prenatal exposure to androgens. 
Naturally occurring anomalies of genital development in 
humans and animals, as well as a considerable amount of 
experimental evidence reinforce the hormonal theory of 
sexual differentiation. 
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1.3 SEXUAL DIFFERENTIATION OF BRAIN MECHANISMS THAT REGULATE 
GONADAL FUNCTION 
Brain mechanisms that regulate gonadal function in 
adulthood are sexually differentiated during early life. 	As 
for the external genitalia, this process is dictated by the 
presence or absence of testes during a critical period of 
development. 	The first indication that testicular hormones 
caused masculinisation of the mechanisms controlling gonado-
trophin secretion was provided by Pfieffer (1936). 
Pfieffer's method of study was to transplant gonads 
between the sexes soon after birth. 	At puberty ovarian 
tissues were introduced into the anterior chambers of the 
eyes of the experimental animals so that the tissues could 
be observed for evidence of cyclicity within the eye. 	In 
male or female rats which had been castrated and given ovarian 
transplants at birth, ovarian tissues which were transplanted 
to the eyes after puberty showed cyclic activity. 	In entire 
males, or males and females which had been castrated and given 
testicular transplants at birth, the ovarian implants in the 
eyes did not show cyclic activity. 	Pfieffer (1936) proposed 
that neonatal testicular secretions caused this anovulatory 
condition by masculinising the adenohypophysis and thereby 
altering gonadotrophin secretion. 
When crystalline hormone preparations became available 
it was found that androgen injections during early life would 
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cause sterility in female rats (Shay, Gershan-Cohen, Paschkis 
and Fels, 1939; Bradbury, 1941). 	It was later seen that 
a single injection of androgen would produce a similar effect 
when given to female mice at five days of age (Barraclough and 
Leathem, 1954), and it was therefore apparent that masculinisation 
of the brain was due to the steroid secretions from the testes. 
Initial experiments in which a single injection of 1.25 mg 
testosterone propionate (TP) was given to five-day old rats 
(Barraclough, 1961) showed that almost all of the treated animals 
failed to show ovulatory cycles in adulthood. 	Characteristics 
of these androgen sterilised rats were: persistent cornification 
of the vaginal epithelial cells; decreased ovarian weight; 
polyfollicular ovaries devoid of corpora lutea; ovarian 
interstitial cell hypertrophy; increased adrenal and pituitary 
weights; a compact uterine stroma containing few glands and 
a hypertrophied uterine epithelium consisting of tall columnar 
cells (Barraclough, 1961). 
Gorski and Barraclough (1963) showed that a dose of 
10 pg TP was effective in sterilising 70.6 % of female rats 
when injected on the fifth day of life; a dose of 1.25 mg TP 
was able to cause sterility as late as day. 10 (Barraclough, 
1961), and 500 p.g was effective if given on the day of birth 
(Swanson and Van der Werff ten Bosch, 1964a). 	Even with 
a high dose (1.25 mg), treatment on day 20 of life was in-
effective (Barraclough, 1961), although Brown-Grant (1975) 
showed that treatment with 1.25 mg on day 16 rendered some 
females sterile. 	Swanson and Van der Werff ten Bosch (1964a) 
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gave female rats 10 pg TP on various days and after recording 
the incidence of sterility in adulthood they concluded that 
the 'critical period' during which a 'physiological amount' 
of androgen would masculinise the female brain was between the 
third and fifth day of life. 	Gorski (1968) has shown that 
a 10 ig dose will produce a high incidence of sterility if 
injected between days one and four of life. 	Treatment between 
days four and 10 resulted in a 'delayed anovulatory syndrome' 
whereby the treated females showed ovulatory cycles at puberty 
but subsequently became anovulatory. 	This delay in the 
development of an anovulatory syndrome was also seen in females 
which were treated during the 'critical period' of brain 
development with doses which were too low to cause sterility 
at puberty (Swanson and Van der Werf I ten Bosch, 1964 a;b). 
In recent experiments, Sheridan, Zarrow and Denenberg (1973a) 
have shown that doses as low as 0.5 g TP twice per day for 
the first 10 days of life produce sterility in 21/22 female 
rats. 	Testosterone cyclopentyl-propionate (1 pg), a long- 
acting androgen, given on day one of life produced sterility 
in 10/11 females. 	Sheridan et al. (1973a) therefore concluded 
that androgenisation was a gradual process in the normal male 
and that their series of low dose injections provided "a better 
model for the study of sexual differentiation of the brain 
than a single injection of large amounts of hormone". 
Early work showed that the ovulatory capacity of the 
ovaries per se was not impaired by neonatal androgen treatment; 
thus ovaries transplanted from androgen sterilised rats to 
normal females commenced cyclic activity and when ovaries 
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were transplanted from normal females to androgen sterilised 
rats then became acyclic (Bradbury, 1941; Harris and Levine, 
1965). 	Bradbury (1941) considered that the mascuilnisation 
of the pituitary gland in androgen sterilised females, the 
theory proposed by Pfieffer (1936), was adequate to explain 
his findings, but this was later proved incorrect. 	Harris 
and Jacobsohn (1952) and Martinez and Bittner (1956) trans-
planted male rat pituitaries beneath the median eminence of 
hypophysectomised female rats and showed that normal oestrous 
cycles could be restored in such animals. 	This suggested that 
prenatal androgen did not affect the functioning of the anterior 
pituitary gland but the brain centres that controlled the 
pituitary. 	Pituitary glands from androgen sterilised rats 
were also seen to function normally when transferred to hypophy- 
sectomised females (Segal and Johnson ) 1959). 	Conclusive 
evidence for a hypothalamic locus of the androgenisation 
syndrome in females was provided by Barraclough and Gorski 
(1961). 
The induction of ovulation in 'nembutal blocked' rats 
by electrical stimulation of the hypothalamus (Critchlow, 1958) 
suggested that this area of the brain controlled gonadotrophin 
release by the pituitary. 	Barraclough and Gorski (1961) 
used the same model to show that the functional integrity of 
the female hypothalamus was impaired by neonatal androgenisation. 
Female rats injected with 1.25 mg TP on day five of life failed 
to ovulate in response to electrical stimulation of the hypo-
thalamus. 	If the sterile females were primed with progesterone, 
which was believed to lower the constant secretion of oestrogen 
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from the polyfollicular ovaries, then ovulation could be 
induced by stimulation of the ventromedial-arcuate nuclei. 
Whereas normal females ovulated in response to electrical 
stimulation of either the pre-optic suprachiasmatic areas or 
the ventromedial-arcuate areas, the sterile females only 
responded to stimulation of the latter area. 	This led to 
the belief that the pre-optic area, being responsible for 
the cyclic (female) pattern of gonadotrophin release, was 
deleteriously affected by neonatal androgen (Barraclough and 
Gorski, 1961; Barraclough, 1966). 	The administration of 
low doses (10 g) of TP on day five of life had a less profound 
effect on the hypothalamus than high doses (1.25 mg) (Gorski 
and Barraclough, 1963). 	The 'low' dose produced sterile 
females but these could be ovulated by electrical stimulation 
of the ventromedial-arcuate nucleli. 	When the 'low dose 
animals' were primed with progesterone, electrical stimulation 
of either the pre-optic areas of the ventromedial-arcuate nuclei 
caused ovulation. 	These results suggested that the 'low' 
dose altered the threshold of activation of the pre-optic 
area only and was therefore a more physiological treatment 
than the high dose (Barraclough, 1968). 	Barraclough and 
Turgeon (1975) have reported that electrical stimulation of 
the medial pre-optic area of progesterone primed, nembutal 
blocked, androgen sterilised rats will induce an ovulatory 
release of luteinizing hormone (LH) and thus cause ovulation 
in 100 % of cases. 
Further studies to locate an intra-hypothalamic site of 
androgenisation have been carried out by implanting TP directly 
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into the brains of neonatal female rats. 	Nadler (1970) 
developed an instrument which allowed the implantation of 
small amounts of TP into specific areas of the hypothalamus. 
The implants were seen to be most effective in sterilising 
the female rats if they were placed in the ventromedial 
arcuate nuclei (Nadler, 1972; 1973). 	Hayashi and Gorski 
(1974) developed a method whereby crystals of TP could be! 
placed into the brain for short periods of time and then 
removed, and they reported that the implants had equal 
effectiveness when placed in most parts of the hypothalamus. 
They therefore suggested that there is probably no specific 
locus within the hypothalamus for the organising effects of 
the androgen. 
Arai and Gorski (1968 a;b) have injected hormone 
antagonists and barbiturates into neonatal females at the 
same time or soon after androgen injections to find that 
6-12 h of androgen exposure was necessary for the action of 
the androgen on the brain to cause sterility. 	Later experi- 
ments in which hypothalamic implants were used suggested 
that a period of 48 h was necessary for the androgenisation 
process to be effective (Hayashi and Gorski, 1974). 	However, 
these authors did point out that any androgen given peripherally 
has the opportunity to act on the whole brain, whereas 
a hypothalamic implant only acts at a discrete site. 	The 
physiological significance of experiments in which brain 
implants are used should therefore be evaluated with care. 
Intra-hypothalamic implantation of 60 p.g TP given as late as 
day 11 of life rendered 10/11 female rats sterile (Lobi and 
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Gorski, 1974) and the effectiveness of this treatment was in 
direct contrast to the lowered effectiveness of peripheral 
treatment at this time. 
Work carried out in the early 1960's identified a so-
called 'critical period' of brain development in neonatal 
rats, during which the administration of androgens to females 
resulted in their permanent sterility. 	This 'critical 
period' was thus considered to be a stage of ontogeny during 
which androgen modified the development of neural centres 
responsible for regulating gonadal function. 	In the guinea 
pig the female brain was found to be sensitive to the 
'organising action' of androgen during prenatal development 
(Phoenix, Goy, Gerall and Young, 1959). 	Extension of these 
studies by Goy, Bridson and Young (1964) attempted to identify 
a ?period  of maximum sensitivity" of the neural tissues to 
the organisational effects of androgen in guinea pigs, but 
these studies were confounded by a dose x time of treatment 
interaction. 	To clarify the situation in the guinea pig, 
Brown-Grant and Sherwood (1971) injected TP into pregnant 
mothers for short periods of time and found that treatment 
between days 33 and 37 of pregnancy was the most effective 
in producing anovulatory female offspring. 	In hamsters 
a disruption of ovarian cyclicity is most marked if androgen 
is administered at birth, and these androgenised females 
develop polycystic ovaries (Swanson and Brayshaw, 1973). 
By the late 1960's it was established that neonatal 
administration of androgen would cause sterility in female 
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rats but the mechansim whereby androgen altered brain function 
was not known. 	Gorski and his colleagues attempted to fill 
this gap in knowledge by examining the effects of various 
pharmacological agents in preventing androgenisation (reviewed 
by Gorski, 1971; 1973a;. 1973b). 	Pentobarbital (Arai and 
Gorski, 1968a) and various tranquillisers (Sunderland and 
Gorski, 1970) were found to' inhibit androgenisation in female 
rats; but this was probably due to a depression in brain 
function inhibiting the uptake of androgen. 	Actinomycin-D 
(a RNA synthesis inhibitor) attenuated androgenisation 
(Kobayashi and Gorski, 1970) and intra-hypothalamic implants 
of antibiotics did not do so (Gorski. and Shryne, 1971). 	The 
rationale behind these results has been difficult to evaluate 
but Gorski (1973a) suggests that they support the view of 
androgen masculinising the brain at a "very fundamental level 
of neuronal activity". 	However, the use of pharmacological 
agents in elucidating the mechanism of androgenisation involves 
an artificial situation and it may be more pertinent to examine 
differences in the developing brains of normal males and 
females. 
Flerk (1968; 1975) has proposed that androgenisation 
of females causes sterility by inactivating the 'oestrogen 
sensitive trigger mechanism' responsible for initiating ovulatory 
surges of gonadotrophin release in females. 	In support of 
this hypothesis a number of authors have found that oestrogen 
is taken up by the hypothalamus at lower rates in androgenjsed 
females than in normal females (Flerk, Mess and. Illei-Donhoffer, 
1969; McGuire and Lisk, 1969; Anderson and Greenwald, 1969; 
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McEwen and Pfaff, 1970; Maurer and Woolley, 1971; Vertes 
and King, 1971). 	Other authors have obtained contrary 
results (Green, Luttge and Whalen, 1969; Whalen and Luttge, 
1970 ; Maurer and Woolley, 1974). 	Green et al. (1969) 
suggested that the results showing lower uptake of oestrogen 
by the hypothalamic tissues of androgenised females could be 
a reflection of the differences in body weights between 
treated and normal females. 	When these authors matched 
normal female rats with normal males of the same body weight 
they found that there was no sex difference in the hypothalamic 
uptake of oestrogen. 	However, a recent study in which 	sub- 
cellular components of the brain were separated has shown 
that the nuclear fraction of hypothalamic cell homogenates 
from female rats takes up more oestrogen that the corresponding 
fractions from males (Whalen and Massicci, 1975). 	After 
finding no sex difference in the hypothalamic uptake of 
oestrogen, Maurer and Woolley (1974) suggested that the 
mechanism whereby androgen affected the developing hypothalamus 
was by altering mechanisms beyond the receptor level. 
Barraclough and Hailer (1970) showed that ovariectomised 
androgenised female rats required five times as much oestrogen 
as their normal female counterparts to cause a significant 
decrease in plasma LH concentrations and therefore concluded 
that the former were less sensitive to oestrogen. 
Ladosky and Gaziri (1970) suggested that serotonin 
metabolism might be important in the hypothalamic sexual 
differentiation process, implying that the pineal gland could 
play some organising role in the sexual differentiation of the 
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brain. 	Higher concentrations of serotonin were found in the 
female rat hypothalamus on day 12 of life than were found in 
the male. 	Further work showed that the male hypothalamus 
contained a higher concentration of monoamine oxidase at this 
time which accounted for the greater accumulation of serotonin 
in the female. 	These results were substantiated by Guilin, 
Pohorecky and McEwen (1973), studying normal male and female 
rats, neonatally castrated males and androgenised females. 
Differences in the overall oxidative metabolism in the hypo-
thalamus during the neonatal period of the male and female 
rat have been recorded by Moguilevsky, Libertun, Schiaffini 
and Scacchi 	(1969). 	Oxidative metabolism of the anterior 
hypothalamus was increased in androgenised prepubertal female 
rats and decreased towards the female level in prepubertal male 
rats which had been castrated neonatally. 
Libertun, Timiras and Kragt (1973) have reported pre-
pubertal differences between the sexes in the hypothalamic 
cholinergic system of rats by measuring the acetylcholine 
esterase and cholinacetyltransferase activity, which was a 
further indication of sexual differentiation being due to an 
alteration in metabolism within the hypothalamus. 	Androgen- 
isation of females shifted the level of enzyme activity towards 
the male type - i.e.' lowered the activity. 
The nuclei of the pre-optic area of the female rat brain 
show significant enlargement two days before birth, whereas 
this does not occur in males (Dörner and Staudt, 1969). 
Raisman and Field (1971) have also shown that the anatomy of 
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the pre-optic area is sexually dimorphic in rats, the ratio 
of the number of non-amygdaloid synapses on dentritic shafts 
to the number on dendritic spines is different in males and 
females. 	Theseanatomical features of the sexual differentiation 
of the brain are represented on Figure 1.1 under phenotypic 
sex. 
It is known that catecholamines play an important role 
in the regulation of gonadotrophin secretion (Kamberi, 1972; 
Kordon and Glowinski, 1972) and a functional link between 
oestrogens and catecholamines may be provided by the conversion 
of the former to catechol-oestrogens (Fishman and Norton, 1975). 
Norepinephrine is believed to be one of the neurohumoral 
transmitters which acts as a messenger between the oestrogen 
sensitive areas in the hypothalamus and the neurones containing 
gonadotrophin releasing hormones (Flerko, 1975). 	An intra- 
ventricular injection of norepinephrine was effective in 
causing ovulation in androgenised females (Tima and Flerko, 
1974), suggesting that the functional cause of sterility could 
be a failure of neurosecretory cells to release an ovulatory 
quota of gonadotrophin releasing hormone because of a lack of 
stimulation via neurotransmitters. 	This points to a breakdown 
in the 'circuit' between the hormone receptors in the hypo-
thalamus and the gonadotrophin releasing mechanisms. 
Although considerable progress has been made in recent 
years to identify the way in which steroids modulate the 
activity of the neuronal components within the brain which 
control reproductive processes (Kamberi, 1972; Ladosky and 
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Wandscheer, 1975), the exact way in which these systems 
operate is still not clear. 	It is therefore not surprising 
that the mechanism whereby sexual differentiation of the 
brain is effected by androgen also remains an enigma. 	The 
possibility of the limbic system being involved in the 
regulation of gonadotrophin secretion (Ladosky and Wandscheer, 
1975) and the possibility of sexual differentiation of the 
amygdala are further complicating factors which need 
clarification. 
Early work by Turner (1941) and Hale (1944) showed 
that neonatal injections of oestrogen would produce anovul-
atory female rats. 	These results were later confirmed by 
Gorski (1963) and Harris and Levine (1965). 	Following the 
suggestion that aromatising enzymes were present in the 
brain (Knapstein, David, Wu, Archer, Flickinger and 
Touchstone, 1968), aromatising systems were identified in 
the neural tissues of embryos and neonates of various species 
(Naftolin, Ryan and Petro, 1971 a;b; Reddy, Naftolin and 
Ryan, 1974). 	It was thus suggested that the so-called 
androgenisation of the brain was caused by oestrogen which 
had been derived from androgen within the brain cells (Reddy 
et al., 1974). 	This claim was supported by evidence that 
the aromatising capacity of the hypothalamic and limbic 
tissues of male rats was greater than in females during the 
neonatal period of brain differentiation (Reddy et al., 1974). 
Using in vitro methods Weisz and Gibb (1974a) found that 
the androgen to oestrogen conversion was more pronounced in 
neonatal brain tissues than in adult tissues; neonatal injection 
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of the non-aromatisable androgen, dihydrotestosterone, does 
not produce an anovulatory condition in female rats (Whalen 
and Luttge, 1971; McDonald and Doughty, 1972a; Korenbrot, 
Paup and Gorski, 1975). 	Further evidence for the mediating 
effect of oestrogens in causing the anovulatory syndrome was 
gained by the demonstration that the anti-oestrogen, MER-25, 
preverited testosterone-induced sterility (McDonald and Doughty, 
1972b). 	Another finding was that androgen sterilised female 
rats secreted more ovarian oestrogen during the neonatal period 
than normal females, and this endogenous production has also 
been suggested as a possible cause of sterility (Cheng and 
Johnson, 1974). 
Naftolin and co-workers (Naftolin, Ryan, Davies, Reddy, 
Flores, Petro, Kuhn, White, Takoaka and Wolin, 1975) have 
emphasised that androgens are active at the brain level via 
their conversion to oestrogen, but the reason for this conversion 
is not entirely clear. 	One possible explanation for the 
existence of a brain aromatisation system participating in the 
process of brain sexual differentiation has been suggested in 
the work of Plapinger and McEwen (1973) and Plapinger, McEwen 
and Clemens (1973). 	These authors reported the presence of 
an extracellular protein in fetal and neonatal rats that 
bound oestrogens but not androgens. 	These proteins would thus 
allow androgens to reach the brain cells of males and cause 
sexual differentiation, but would protect female brains against 
circulating oestrogens from the maternal compartment, or the 
neonatal circulation. 
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It appears paradoxical that the anti-androgen cyproterone 
acetate will prevent the effects of neonatal testosterone as 
effectively, as an anti-oestrogen (Arai and Gorski, 1968b ; 
Neumann, Von Berswordt-Wallrobe, Elger, Steinbeck, Hahn, 
Kramer and Wolin, 1970). 	This may be due to the progestogenic 
nature of cyproterone acetate since progesterone will also 
prevent neonatal androgenisation (Kincl and Maqueo, 1965). 
Reddy, Naftolin and Ryan (1973) have suggested that cyproterone 
acetate acts to inhibit aromatisation of testosterone, but 
Brown-Grant (1973) has pointed out that it may prevent andro-
genisation by acting as an androgen and competing for receptor 
sites at the hypothalamic level. More recently, Brown-Grant 
(1974b) found that neither MER-25 nor cyproterone acetate 
afforded total protection against androgen-induced sterility. 
Clarification of these results will require more precise 
information on the intra- and extra-cellular actions of anti-
oestrogens and anti-androgens. 
It has been suggested that androgenisation of females 
is caused by a lowering of gonadotrophin levels by. exogenous 
steroid injections (Sheridan, Zarrow and Denenberg, 1973b). 
When females were androgenised on day five of life the plasma 
concentrations of both lüteinizing hormone (LH) and follicle 
stimulating hormone (FSH) were lower in the treated females 
than in normal females at day 10 of life (Sheridan et al., 1973b). 
When gonadotrophin injections were given following neonatal 
testosterone treatment, masculinisation of the hypothalamus 
was prevented (Sheridan et al., 1973b). 	Cheng and Johnson 
(1974) have also found lower serum gonadotrophin levels in 
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neonatal, testosterone treated females, accompanied by higher 
levels of plasma oestrogens than in the normal female. 	The 
high plasma oestrogen levels in the androgenised females may 
have had a negative feedback effect on gonadotrOphin secretion. 
In an attempt to lower plasma gonadotrophin levels without 
causing sterility in female rats, Korenbrot, Paup and Gorski 
(1975) injected neonates with dihydrotestosterone propionate. 
The injected females showed lowered serum gonadotrophin levels 
but did not become sterile. 	These authors therefore concluded 
that a lowering of plasma gonadotrophin levels per se could 
not produce sterility. 
That steroids are capable of modifying or organising 
the brain, of the developing rodent is now a well accepted 
fact (Harris, 1970; Gorski, 1971a ; Brown-Grant, 1973). 
Evidence that steroid secretions from the male testes (or 
their metabolites) are the active agents in causing sexual 
differentiation of the brain is unequivocal, and the presence 
or absence of testes, or testicular secretions during a critical 
phase of development, dictates whether an individual will show 
a cyclic (female) or non-cyclic (male) pattern of gonadotrophin 
secretion in adulthood (Davidson, 1974). 	It is therefore 
pertinent that the male rat testis secretes relatively 'high' 
levels of androgens during the first 10 days of life but 
secretion falls to a low level by day 15 (Miyachi, Nieschlag 
and Lipsett, 1973). 	Neonatal castration of male rats caused 
the development of cyclic patterns of gonadotrophin secretion 
(Harris, 1964; Gorski and Wagner, 1965), again emphasising 
the importance of the testes in causing sexual differentiation 
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of the brain. 
Sexual differentiation of the neural mechanisms that 
regulate gonadal function has been the subject of many studies 
on rodents,, but the same is not true for large animal species. 
Larger animals tend to have longer gestation periods and the 
slower development of the fetus may mean that sexual differ-
entiation of the brain is a more gradual process than in 
rodents; a more exact definition of the critical period 
during which androgen causes alterations in brain function may 
thus be possible if large animals are considered instead of 
rodents. 	Unfortunately, there is little information on 
sexual differentiation of the hypothalamo_pituitary_gonadal 
axis in non-rodent species, but limited data is available for 
monkeys and sheep. 
Female rhesus monkeys have been prenatally androgenised 
by injecting their pregnant mothers with TP from as early as 
day 39 of their 168 day gestation period (Goy, 1970). Following 
a delayed puberty, these animals subsequently developed normal 
ovulatory cycles (Goy and Resko, 1972) so that hypothalamic 
control of their gonadal function did not appear to be impaired. 
This was so in spite of the treated females having masculine 
external genitalia and showing masculine behaviour (discussed 
below). 
Female sheep exposed to testosterone from days 20 or 60 
of prenatal life until birth had abnormal ovulatory patterns 
as adults but females exposed from day 80 showed normal oestrous 
cycles (Short, 1974). 	These data therefore suggest that 
the brain of the sheep is sexually differentiated before 
day 80 of prenatal life. 	Androgens have been identified in 
the gonads of male sheep fetuses as early as day 30 of 
pregnancy (Attal, 1969). 	More recently, Pomerantz and 
Nalbandov (1975) have used radioimmunoassay to measure 
androgens in the gonads and plasma of fetal sheep and have 
shown that the testis secretes relatively large amounts of 
androgen up until mid-gestation, when the gonadal activity 
falls to a low level. 	The high levels of testicular 
androgen secretion during the first half of pregnancy would 
ensure that sexual differentiation of the male brain occurs 
before day 70-80, which agrees with the results of Short (1974). 
Initial studies on the gonadotrophin secretion in 
androgenised females showed that the pattern of secretion 
was different to that of normal females, but reference to the 
levels in normal males was omitted. 	Using a bioassay system, 
Barraclough (1968) and Barraclough and Hailer (1970) measured 
higher levels of LH and FSH in the plasma of androgen sterilised 
rats than in the plasma of normal females. 	Barraclough (1968) 
suggested that the oestrogen secretion of the polyfollicular 
ovaries of sterile rats maintained a rapid turnover of gonado-
trophin and that plasma levels fell at ovariectomy (Barraclough, 
1968; Barraclough and Hailer, 1970) because the tonic oestrogen 
stimulus was withdrawn. 	More recent studies have used radio- 
immunoassay techniques to show that the plasma gonadotrophin 
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levels in androgenised females rise following ovariectomy 
because the negative feedback effect of steroid secretion on 
pituitary gonadotrophin release is withdrawn (Labhsetwar, 
1970; Brown-Grant, 1974 a;c). 	Schiavi (1969) reported 
that plasma LII and FSH were undetectable in androgenised 
female rats, but Labhsetwar (1970) claimed the LH levels in 
sterile females were greater than in normal dioestrous 
female rats. 
It is now well established that the female pattern of 
gonadotrophin release is cyclic whereas the male pattern is 
non-cyclic (Davidson, 1974). 	Masculinisation of the female 
brain by exposure to androgens during development may thus be 
expected to produce a male pattern of gonadotrophin secretion. 
The basic sex difference in gonadotrophin release patterns 
is that the female shows an ovulatory discharge of gonadotrophin 
with appropriate steroid provocation (positive feedback) whereas 
the male does not. 	The cyclic nature of gonadotrophin secretion 
in the female has been accepted for some time (Harris, 1964), 
but recent experiments in sheep have exemplified that positive 
feedback is a sexually dimorphic character only found in the 
female (Short, 1974; Karsh and Foster, 1975). 	Castrated male 
rats do not show positive feedback (Brown-Grant, 1973; 1974c) 
and neither do men (Van Look, Baird, Corker and Hunter, unpub- 
lished data). 	There is however, some evidence of an oestrogen 
provoked LH discharge in male sub-human primates (Knobil, 1974; 
Hodges and Hearn, unpublished data). 
The facilitatory action of oestrogen on LH (Brown-Grant, 
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1974c) and prolactin (Neill, 1973) secretion is absent in 
androgen sterilised female rats, and female sheep exposed 
to testosterone before day 80 of prenatal life also failed 
to show positive feedback in response to oestrogen (Short, 
1974). 	In this. respect the gonadotrophin secretion patterns 
of these androgenised females may be regarded as masculine. 
Tonic LH secretion does not vary between male and 
female rats (Brown-Grant, 1973; Mallampati and Johnson, 
1973) but plasma FSH levels are higher in males (Johnson, 
1971). 	Plasma LH and FSH levels are similar in androgen 
sterilised and normal female rats (Mallampati and Johnson, 
1973). 	Following castration the plasma LH and FSH levels 
in female and androgenised rats are lower than in castrated 
males (Brown-Grant, 1974c). 	Furthermore, when androgenised 
females are castrated in adulthood the rise in plasma gonado-
trophin levels is similar to the female response, occurring 
more slowly than the rise that follows castration of males 
(Davidson, 1974). 	These data suggest that androgenisation 
does not produce a male-type of tonic gonadotrophin secretion. 
The high concentrations of plasma prolactin measured in the 
androgen sterilised female, compared to the levels in normal 
males and females (Mallampati and Johnson, 1973; Cheng and 
Johnson, 1974), provide further evidence that the endocrine 
status of the androgen sterilised female is not identical to 
that of the male. 
The results of Mennin, Kubo and Gorski (1974) and Kubo, 
Mennin and Gorski (1975) suggested that the pituitary response 
to luteinising hormone releasing hormone (LIT-RH) is unaffected 
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in female rats treated with 10 tg of TP between. days three to 
five of neonatal life. 	Electrochemical stimulation of the 
hypothalamus also elicited the release of pituitary LH in 
a manner similar to that seen in control females. 	Barraclough 
and Turgeon (1975) injected female rats with 1.25 mg of TP 
on day five of life and the pituitary response to LH-RH and 
the pituitary release of LH following electrochemical stimulation 
of the hypothalamus was lower in the treated females than in 
normal females. 	On the basis of these results Barraclough 
and Turgeon (1975) concluded that prenatal androgen impaired 
pituitary sensitivity to LH-RH. 	It is important to notice 
that the results of Mennin et al, (1974) and Kubo et al. (1975) 
may differ from those of Barraclough and Turgeon (1975) simply 
because the latter authors used a grossly pharmacological dose 
to androgenise their neonatal rats, whereas the former only 
used a very small dose. 	Studies in which females are exposed 
to very high levels of androgen during the neonatal period may 
not therefore be giving a true picture of the manner whereby 
testosterone (or its metabolites) causes brain masculinisation 
in normal males. 	The plasma testosterone concentration of 
intact male rats (Wistar strain) during the neonatal period 
is about 50 ng/100 ml, whereas levels of 500-1300 ng/ml are 
found in neonatal females 24-48 h after an injection of 1.25 mg 
TP (Brown-Grant, 1974a). 
As with the sexual differentiation of the genitalia, the 
sex of the brain is determined by the presence or absence of 
androgen during a 'critical period' of development. 	The female 
brain may be masculinised by administering androgens during 
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this 'critical period' but since androgens may be aromatised 
to oestrogens by neuroendocrine tissues, the aromatisation 
products of androgens may be responsible for the sexual differ-
entiation of the brain. 	The 'critical period' during which 
androgen (or, its metabolites) masculinises the brain is during 
early neonatal life for mice, rats and hamsters, but occurs 
during the prenatal life of guinea pigs, sheep, monkeys and 
humans. 	Following masculinisation, both anatomical and 
physiological changes may occur within the hypothalamus, and 
brain centres responsible for the cyclic release of gonado-
trophins in ovulatory amounts are modified. 
1.4 SEXUAL DIFFERENTIATION OF BRAIN CENTRES CONTROLLING 
t'IIA UTcTm 
In addition to masculinising the anatomy and physiological 
processes of developing mammals, androgen also causes permanent 
masculinisation of behavioural patterns. 	Females that have 
been exposed to androgen during development therefore provide 
an experimental model in which the behavioural effects of 
androgens may be examined. 
Although there were earlier studies on the sexual 
differentiation of behaviour (reviewed by Whalen, 1968), the 
papers of Phoenix et al. (1959) and Harris and Levine (1962) 
promoted greater interest in this area of research. 	The 
review on behavioural effects of prenatal androgen will concen- 
trate on the work carried out since 1959 and will be particularly 
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concerned with the behaviour of androgenised females, that 
have been used as experimental models for the study of sex 
differentiation. 	Studies of the sexual behaviour of andro- 
genised females have previously been reviewed by Beach (1968; 
1971; 1975), Whalen (1968) and Goy and Goldfoot (1973). 
Phoenix et al. (1959) examined the sexual behaviour of 
female guinea pigs whose mothers received testosterone propionate 
during pregnancy. 	When the androgenised animals were mature 
they were castrated and given either progesterone and oestrogen, 
or testosterone propionate. 	With the former, the androgenised 
females showed fewer lordosis responses than normal females. 
Without hormone stimulation, only the androgenised females 
and castrated males showed mounting behaviour. With oestrogen 
and progesterone, normal females, males and androgenised females 
all showed mounting. 	Normal females however, took longer to 
show mounting behaviour. 	When the androgenised females were 
given TP they showed mounting behaviour approaching male levels. 
These authors concluded that androgenic hormones had an organising 
action on the developing neural tissues which mediated mating 
behaviour in adulthood. 	Goy, Bridson and Young (1964) extended 
the above studies by giving daily TP injections to pregnant 
female guinea pigs for various lengths of time. 	The first 
six injections were 5 mg/day and then 1 mg/day was given until 
the end of the treatment. 	Female offspring exposed to TP from 
day 30 of gestation showed the greatest inhibition of female 
sexual behaviour as well as the greatest enhancement of male- 
like sexual behaviour. 	Treatments beginning .on days 15, 20, 
25 or 40 of pregnancy had lesser effects on the female offspring. 
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These results were confounded by a dose x time of pregnancy 
interaction, but they did suggest that prenatal TP treatment 
caused a masculinisation of behaviour and an anovulatory 
condition at the same time of development. 	It is unfortunate 
that the study of Brown-Grant and Sherwood (1971) [Section 1.3] 
did not include behaviour to clarify this point. 
In female rats, neonatal testosterone propionate injections 
were found to cause enhanced masculine behaviour during adult-
hood, together with a failure to display oestrus (Harris and 
Levine, 1965). 	Gerall and Ward (1966) injected pregnant rats 
with TP and showed that the female offspring were masculinised. 
In another study, female rats which were gonadectomised and 
given TPon the day of birth did not show an enhancement of 
male-like behaviour in adulthood, but their lordosis response 
to oestrogen and progesterone was reduced (Whalen and Edwards, 
1967). 	These authors were thus led to believe that the effect 
of neonatal testosterone was to reduce the capacity to display 
lordosis in females rather than promote their masculine behaviour. 
Whalen, Edwards, Luttge and Robertson (1969) repeated these 
findings in female rats which had been androgenised prenatally, 
postnatally or pre- and postnatally. 	Adult ovariectomised 
females were given TP for 20 days and their mounting behaviour 
was recorded from days 11-20. 	Ninety percent of normal females 
showed mounting behaviour and the number of androgenised 
females that mounted did not differ. from this. 	However, the 
intromission frequencies of neonatally androgenised females 
were higher than controls. Prenatal treatment with TP did 
not enhance masculine behaviour. 	This study exemplified the 
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problem of interpreting behavioural responses to hormones. 
The ovariectomised female controls used by Whalen et al. (1969) 
were given daily TP injections for up to seven weeks, and it 
was therefore hardly surprising that they displayed high 
levels of mounting behaviour. 	Prolonged treatment of normal 
adult female sheep with testosterone will result in an 
enhanced display of masculine behaviour, whereas the untreated 
ewe never shows male-like behaviour (Johnson, -Hudson, Bogart, 
Oliver and McKenzie, 1956). 	This is also true for the 
hamster (Noble, 1974). 
Interpretation of the effects of androgenisation on 
sexual behaviour was questioned by Pfaff and Zigmond (1971) 
who stated that: 
"Since masculine behaviour has always been tested 
during stumulation by testosterone treatment, we 
do not know whether neonatal androgen effects on 
these adult behaviour tests represent effects on 
a masculine behaviour-producing mechanism or 
a testosterone-receiving mechanism." 
These authors tested male, female and androgenised 
female rats for both feminine and masculine behaviour after 
castration and injection with testosterone, oestradiol, 
testosterone + progesterone, or oestradiol + progesterone. 
Androgenised female rats showed reduced feminine responses 
but failed to show an enhancement of masculine behaviour when 
treated with TP or oestrogen in adulthood. 	Other workers 
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have clearly shown that androgenised female rats (Sodersten, 
1973a), hamsters (Johnson, 1975), guinea pigs (Phoenix et al., 
1959), mice (Manning and McGill, 1974), dogs (Beach, Kuehn, 
Sprague and Anisko, 1972), monkeys (Goy and Phoenix, 1972) 
and sheep (Short, 1974) do show more masculine behaviour in 
adulthood than normal females. 	Sodersten (1973a) tested 
intact adult androgenised and normal female rats for masculine 
behaviour and found that the former showed more mounts and 
introniission patterns than the latter. 	Ovariectomy lowered 
the responses in both groups of females. 	Oestradiol benzoate 
or TP treatment of the ovariectomised females stimulated 
mounting to a greater extent in androgenised than in control 
females. 	The androgenised females also showed more genital 
sniffing and less climbing than normal females and this may 
also be regarded as in index of increased masculinisation 
(Sodersten, 1972). 	In agreement with Pfaff and Zigmond (1971), 
Sodersten concluded that: 
"The effects of early androgenic stimulation upon 
adult behaviour may be referred to as behaviour-
specific changes, rather than as changes in the 
sensitivity to any hormone specifically." 
Clemens, Hiroi and Gorski (1969) and Brown-Grant (1975) 
showed that significant increases in receptivity of androgen 
sterilised rats could be obtained by manipulating test conditions. 
For example, Clemens et al.(1969) allowed the rats to adapt 
to the test cage for two hours before introducing a stud male, 
and thus showed that there was no significant reduction in 
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receptivity due to the neonatal androgenisation. 
In hamsters, the neural mechanisms controlling masculine 
behaviour were shown to be more sensitive to neonatal testos-
terone than those controlling lordosis behaviour (Debold and 
Whalen, 1975). 	Females given 1 g TP 24 h after birth showed 
enhanced masculine behaviour in adulthood, whereas at least 
5 g TP was required to reduce the lordosis response. 	These 
results agreed with earlier work (Swanson and Crossley, 1971). 
Studies on sexual behaviour of hamsters have emphasised that 
this species may be more useful for examining sexual differ-
entiation because the females rarely show male-like behaviour 
(Swanson and Crossley, 1968). 	This is in contrast to the 
guinea pig and rat (Beach, 1968). 	Johnson (1975) followed 
the experimental design of Pfaff and Zigmond (1971) and treated 
neonatally castrated androgenised hamsters, neonatally 
castrated males and females, and males and females castrated 
at day 60 of life with either oestrogen + progesterone or 
testosterone propionate. 	In summary., the neonatally andro- 
genised females always showed more mounting behaviour than 
non-androgenised females, whether they were given oestrogen, 
oestrogen + progesterone, or TP. 	This conclusion was con- 
sistent with earlier work showing that neonatal androgenis-
ation increased the probability of mounting in adult females 
given androgens (Carter, Clemens and Hoekema, 1972) or ovarian 
hormones (Swanson, 1971). 
Neonatal injections of oestrogen affect the behaviour 
of female rats in a similar manner to neonatal testosterone 
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(Harris and Levine, 1965; Whalen and Edwards, 1967; Mullins 
and Levine, 1968). 	Increased mounting behaviour in females 
receiving neonatal oestrogen injections has been reported by 
Hendricks (1969) and Hendricks and Gerall (1970). 	These 
results are consistent with the theory that 'androgenisation' 
of the female brain may be mediated via aromatisation of androgen 
to oestrogen, and has already been discussed in Section 1.3. 
A study by Whalen and Rezek: (1974) showed that neonatal 
androstenedione implants were capable of inhibiting lordosis 
quotients of female rats but not as effectively as testosterone 
implants. 	If 'androgenisation' of sexual behaviour is caused 
via the conversion of androgen to oestrogen, then these results 
imply that androstenedione is less effectively aromatised by 
the brain then testosterone. 	Weisz and Gibb (1974a) showed 
that this was not the case in brain tissues taken from adult 
females and stated that "A [androstenedione] is somewhat more 
efficiently aromatised than T [testosterone]". 	Data for 
neonatal females are not available but if brain aromatising 
capacities are similar to the adult, the results of Whalen 
and Rezek (1974) would imply that testosterone per se exerts 
a specific androgenic effect on the brain tissues during 
development. 	Although the ability of neonatal female rat 
brain tissue to aromatise androstenedione and testosterone has 
been demonstrated (Reddy et al., 1974; Weisz and Gibb, 1974b), 
the conversion rates have not been compared in one system. 
Evidence for the theory that oestrogen is the active component 
in 'androgenising' behavioural centres of the brain has been 
reinforced by studies showing that neonatal dihydrotestosterone 
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administration to females will not reduce their female sexual 
behaviour as adults (Korenbrot et al., 1975). 	Recent 
evidence has shown that neonatal dihydrotestosterone treatment 
of female hamsters caused partial defeminisation of behaviour 
but did not masculinise the behaviour of the treated animals 
(Payne, 1976). 	The significance of these results remains to 
be clarified. 
A single injection of testosterone (as opposed to 
testosterone propionate) fails to produce behavioural def em-
inisation (Luttge and Whalen, 1970; Coniglio et al., 1973; 
Payne, 1976). 	In contrast, testosterone implants (Whalen 
and Rezek, 1974) or testosterone propionate (Payne, 1976) will 
cause behavioural defeminisation. 	This phenomenon is probably 
due to the more rapid clearance of free testosterone (Payne, 
1976). 	Treating neonatal hamsters with either testosterone 
or testosterone propionate, Payne was able to show that the 
former would produce defeminised individuals whereas the latter 
treatment produced females which were both defeminised and 
masculinised, suggesting that masculinisation and defeminisation 
were not mutually exclusive. 
The behavioural effects of androgenising females have 
also been studied in dogs and monkeys and these species will 
be considered separately from rodents. 
Beach and Kuehn (1970) exposed female dogs to TP pre-
natally, postnatally or pre- and postnatally. 	All the animals 
were ovarhysterectomised and treated with oestrogen and 
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progesterone as adults. 	Prenatally treated females showed 
lowered sexual presentation responses to a stimulus male, 
whereas the females treated pre- and postnatally or only 
postnatally showed virtually no sexual presentations. - 
Increases in other types of female behaviour (tail deviation 
and positive social responses) which were shown by prenatally 
treated females and normal females treated with ovarian 
hormones were not seen in those females treated post- or 
pre- and postnatally. 	Beach et al. (1972). examined the 
masculine behaviour of the females studied by Beach and 
Kuehn (1970). 	When these females were treated with TP 	in 
adulthood the percentage of tests in which animals showed 
mounting and thrusting behaviour with a receptive female were: 
normal female castrates, 25 %; prenatally treated females, 5576; 
postnatally treated females, 25 %; pre- and postnatally 
treated females, 82 %; normal male castrates, 100 %. 
The work of Beach and his colleagues raised an important 
point regarding the effects of androgens during development on 
sexual behaviour of adults. Beach et al. (1972) wrote: 
"With respect to morphological characters such as 
the external genitalia, the masculine and feminine 
alternatives may be mutually exclusive. 	One can 
possess a penis or an external vagina but not both. 
In contrast, sexually dimorphic behavioural traits 
need not be mutually exclusive." 
This concept was borne out by the work on dogs. For example, 
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females treated with TP during infancy were almost completely 
defeminised but showed only a small increase in masculine 
behaviour. 	In contrast, females treated prenatally showed 
a much greater enhancement of masculine behaviour and not 
as great a reduction in feminine behaviour. 	Beach et al. (1972) 
and Beach (1975) therefore proposed that masculinisation and 
defeminisation of behaviour were two distinctly separate 
processes. 	This dissociation is supported by work in hamsters 
(Payne, 1976; see above). 
In monkeys, social and sexual behaviour is sexually di-
morphic and can be directly related to higher levels of 
circulating androgens in male fetuses compared to females 
(Phoenix, Goy and Resko, 1968). 	The frequency of threat, play 
initiation, rough and tumble play and chasing play is higher 
in young males than in young females. 	The play behaviour of 
prenatally androgenised females is similar to that of males, 
denoting masculinisation due to the treatment. 	Mounting 
behaviour of 'pseudohermaphroditic' females is also enhanced 
by prenatal exposure to androgens. 
Studies of the urination patterns of male, female and 
androgenised female monkeys (Goy, 1968) and dogs (Beach, 1975) 
have shown that behaviour modified by hormones during development 
is not necessarily reliant on hormonal activation during adult-
hood. 	This is also true for play behaviour of monkeys, 
since males castrated at birth will show male-like patterns in 
the absence of gonadal steroids (Goy, 1968; 1970). 
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Money and Erhardt (1968; 1972 a;b) have used 'ready-
made experiments of nature' to examine the effects of the 
prenatal hormonal environment on the social and sexual 
behaviour of human patients. 	For example, patients with 
congenital adrenal hyperplasia in which the female fetus is 
exposed to an excess of androgen predisposed the individual 
t6 'tomboyish' behaviour. 	This condition also causes 
virilisation of the external genitalia [Section 1.2]. 	In the 
case of testicular feminisation, genetic males that are 
insensitive to the testosterone produced by their testes are 
born with typically female external and internal genitalia 
[see Section 1.2]. 	These individuals behave as normal women 
and may conduct sexual relationships as such, indicating 
that their brain tissues may be insensitive to androgens as 
well as their peripheral tissues. 	In the human however, pre- 
natal influences do not totally predestine the type of behaviour 
that will be shown in adulthood as this may be affected by 
gender identity and rearing (Money and Erhardt, 1972 a;b). 
Sexual differentiation of brain centres that control 
behaviour is clearly dependent upon the presence or absence 
of gonadal hormones during development. 	Androgen (or its 
metabolites) masculinises centres governing gonadotrophin release 
at a similar time but behavioural and physiological maturation 
appear to be two distinct processes. 	Thus, behavioural 
masculinisation of the female's brain may occur without 
impairment of the ovulatory control mechanism - e.g. in monkeys 
(Goy and Resko, 1972). 	Furthermore, the process whereby 
masculine behaviour i enhanced in androgenised females may 
be separate from the process of behavioural defeminisation. 
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1.5 	 THE AIMS AND SCOPE OF THE STUDY 
Differences between the sexes In their external genitalia, 
patterns of gonadotrophin secretion and sexual behaviour are 
primarily due to the presence or absence of testicular secretions 
during development. 	By administering androgens to the female 
during a critical developmental period, differentiation towards 
the male type occurs and the androgenised female has thus become 
a widely accepted model for the study of sexually dimorphic 
traits. 	Work has mainly been carried out on small laboratory 
species. 	This study was undertaken to examine the effects of 
testosterone on the sexual differentiation of sheep. 	Being 
a relatively large experimental animal, sheep have the advantage 
that a large number of blood samples may be easily collected 
at short intervals, and patterns of hormone release may thus 
be accurately determined. 	In addition, their free-ranging 
behaviour may be studied in situations where they are relatively 
free from artificial influences. 	They are also interesting 
since they display a range of sexually dimorphic behaviour. 
Female sheep rarely display masculine sexual behaviour which 
is in contrast to the female rat and guinea pig. 	This greatly 
simplifies the characterisation of masculinising agents. 
Furthermore, the presence or absence of 	 feedback' is 
a sexually dimorphic character in sheep, that is determined 
by the presence or absence of androgen during prenatal life. 
The functional integrity of this mechanism may thus be used 
to evaluate the physiological sex of sheep's brains. 
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Behaviourists and endocrinologists have provided a wealth 
of information on the sexual differentiation of laboratory 
species, but relatively few studies have integrated endocrinology 
and behaviour. 	Having chosen sheep as experimental subjects, 
both their sexual behaviour and reproductive endocrinology could 
be examined in detail. 
Ewes were prenatally androgenised by implanting their 
pregnant mothers with testosterone and the masculine and 
feminine character of these offspring were studied. 	The same 
sheep were used throughout the studies so that an accumulation 
of behavioural and endocrinological. data could be correlated 
within the same individuals. 
CHAPTER TWO 
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Apart from one pilot trial with Welsh Mountain ewes 
(Chapter 3), the sheep used in these studies were of the 
Finnish Landrace x Dorset Horn breed. These sheep were 
born to either treated or control ewes during April, 1974 
or January, 1975. All the female lambs were kept for 
experiments and six ram lambs were also retained. These 
rams were bilaterally vasectomised at eight months of age. 
All the sheep were given numbered ear tags. 
2.2 	 SHEEP MANAGEMENT 
The sheep were kept at the Animal Breeding Research 
Organisation Field Laboratory, Dryden, Roslin, Midlothian. 
Weaning took place at 12 weeks of age and the lambs were then 
grazed as a single flock under field conditions. 	The lambs 
which were born in February, 1975 were included in the flock 
at the onset of th eir first mating season, when they were 
10 months of age. 
During the winter months the sheep were fed a supplementary 
diet of hay and grain. 	When they were confined for blood 
sampling, surgery or behavioural observations they were main-
tained on meal pellets (A4 diet; Animal Breeding Research 
Organisation). 
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2.3 	 RECORDING OESTROUS BEHAVIOUR 
Prior to the onset of the mating season a vasectomised 
ram was included in the ewe flock. 	The ram was either -- 
fitted with a mating harness and crayon (Radford, Watson 
and Wood, 1960) or had a. coloured paste smeared along his 
brisket, depending on weather conditions. 	The colour of 
the crayon or pastewas changed every 12 to 14 days through- 
out the mating season. 	A ram was not included in the ewe 
flock during the anoestrous period. 
Fresh raddle marks on the ewes, which indicated 
oestrus, were recorded every morning throughout the mating 
season. The day on which a ewe showed a fresh marking 
was recorded as day - O of her oestrous cycle. 	Ewes that 
showed light markings were paired with a ram in a separate 
pen so that the observer could decide whether they were in 
oestrus. 
2.4 	 OBSERVATION OF BEHAVIOUR 
Field behaviour of the sheep was observed in a 3/5 
aère paddock, and the observer was able to watch the sheep 
from an elevated hide outside the paddock. 	The animals 
under observation were numbered on each side with an 
aerosol spray dye (Agricare Products, Pfizer Ltd.). 
A shed containing five 12' x 15' pens divided by 
6' high solid walls was used for controlled behavioural 
observations. One of these pens contained a hide so that 
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the test arena in which sheep were observed was 12' x 10 1 . 
Observations were made through a III slit in the front of 
the hide. 
Records of behavioural events were kept on standard-.. 
ised scoring sheets. 	When single animals were observed 




Blood samples which were taken at hourly or daily 
intervals were collected in heparinized evacuated glass 
tubes with rubber stoppers (Vacutainers: Becton-Dickinson) 
by jugular venepuncture. 	The sheep were confined in a pen 
and sampled while standing. 
For the collection of serial blood samples at intervals 
of less than one hour the sheep were restrained in metabolism 
cages made of tubular steel. 	These cages allowed the 
animals free access to food and water and they could sit 
or stand at will. 	An indwelling catheter (Braunula: 
Armour Pharmaceutical Coy.) was inserted into the jugular 
vein under aseptic conditions and held in place with dermal 
sutures. Plastic 	tubing (Portex Ltd.) was connected to 
the end of the catheter and was laid along the back of the 
animal and connected to a plastic tap at the back of the 
cage. The catheter and tubing were kept free of blood 
clots with sterile heparinised 0.9% saline (Baxter Division: 







A Sheep Restricted in a Cage for Serial Blood Sampling 
An indwelling jugular venous cannula (a) is connected 
to plastic tubing (b) so that blood samples may be taken 
from the rear of the animal (c). 
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in a metabolism cage and catheterised for blood sampling. 
Blood samples were taken using plastic disposable syringes, 
using the following procedure: 
Saline from the catheter and tubing was drawn into 
a syringe until the line was full of blood. 
A second syringe was used to take the blood sample. 
The line was re-flushed with heparinised saline. 
All the blood samples were centrifuged at 2,000 to 3,000 rpm 
for 30 mm. in a cooled (4-100 C) centrifuge, and the plasma 
was removed into plastic vials and stored at _200 C until 
assay. 
2.6 	 HORMONES FOR INJECTION 
The following hormones were used for injection: 
Progesterone in arachis oil, 10 mg/ml (Organon 
Labs. Ltd.); 
Oestradiol benzoate in arachis oil, 1 mg/ml 
(Organon Labs. Ltd.) diluted in peanut oil; 
Oestradiol-17P and Testosterone were obtained 
from Steraloids Chemical Co. Ltd., as a crystalline 
preparation and were dissolved in peanut oil; 
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Luteinizing Hormone Releasing Hormone (LH-RH) 
was generously donated by Hoechst Pharmaceuticals 
as a freeze dried preparation, and it was dissolved 
in 0.9 % saline before use; 
A prostaglandin F20C analogue, 16 aryloxyprostaglandin 
(ICI 80,996; ICI Ltd., Macclesfield, Cheshire) 
was obtained as a powder and dissolved in 0.9 % 
saline. 
2.7 	 ADMINISTRATION OF HORMONES 
Intramuscular injections of steroids were always given 
in 1 ml of oil. 	Serial daily i.m. injections of progesterone 
were found to irritate the sheep and after this was noticed 
these injections were given sub-cutaneously. 
Intramuscular injections of 16 aryloxyprostaglandin were 
administered in 1 ml of 0.9 % saline. 
LH-RH was given as a rapid intravenous injection in 1 ml 
saline. 
2.8 	RADIOIMMIJNOASSAY FOR LUTEINIZING HORMONE 
Plasma luteinizing hormone (LH) was measured by a double 
antibody radloimmunoassay similar to that described by 
Scaramuzzi, Blake, Papkoff, Hilliard and Sawyer (1972). 	The 
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procedure for the routine use of the LH assay in this laboratory 
was established by Mr. N.D. Martensz and has been outlined by 
Martensz, Baird, Scaramuzzi and Van Look (1976). 
The antiserum to ovine LH was raised in a rabbit with 
NIH-LH-S11 (rabbit no. 115, bleed of 22.7.66; Scaramuzzi, 
Caldwell and Moor, 1970). 	The specificity of this antiserum 
to measure ovine LH was examined by Mr. N.D. Martensz and 
major cross reactions with pituitary hormone preparations were 
tested. 	Cross reactions of 9 % and 4 % respectively were 
obtained with ovine TSH (NIH-S8) and ovine FSH (Papkoff, 
G4-50C) (Martensz et al., 1976). 
The following buffers were used in the assay: 
Phosphate buffered saline (PBS) (0.01M; pH 7.8) was 
made from stock solutions of 6.4M disodium hydrogen ortho-
phosphate (A) and 0.4M sodium dihydrogen orthophosphaté (B). 
Sodium chloride (36 g), 91.6 ml of A and 8.4 ml of B were 
made up to 4 litres in distilled water. 	Sodium thiomersalate 
(Hopkin and Williams, Ltd.) (0.04 g) was added as a preservative. 
Phosphate buffered saline plus bovine serum albumin 
(PBS + BSA): Bovine serum aibrumin (Sigma Chemical Co. Ltd.) 
was added to PBS so that the solutions contained PBS + 0.2 % BSA 
or PBS + 2.0 % BSA. 
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Barbitone buffer (0.12M; pH 8.5): Diethyl barbituric 
acid (442 g) was dissolved in 18 litres of de-ionized water 
and 76 g of sodium hydroxide in one litre of de-ionized 
water was added to the main solution and stirred for 2 h. 
The solution was then made up to 20 litres and stirred 
for 24h. 
Label buffer: A stock solution was made by adding 
ethylenediaininetetra-acetic acid (EDTA) (18.6 g) to 500 ml 
of PBS, and the pH was adjusted to 7.8 with 3N sodium 
hydroxide. 	BSA (1 g) was dissolved in 450 ml of PBS and 
50 ml of the stock solution and 1.8 ml of normal rabbit 
serum (Wellcome Reagents, Ltd.)were added. 	Unless stated 
otherwise, all reagents were from BDH. 
Iodination of purified LH (Papkoff, Q3,223, 2.24 x 
NIH-LH-S1, by ovarian ascorbic acid depletion test) was 
initially performed by a modification of the method of 
Greenwood, Hunter and Glover (1963) (see Martensz et al., 
1976). 	In summary, 25 l of 0.4M phosphate buffer, 2 mCi 
of Na- 125I (Amersham) and 10 pl of chloramine-T (5 mg/ml 
in PBS) was added to a reaction tube containing 5 4g LH. 
The reaction was stopped after 15 seconds by the addition 
of 750 il of sodium metabisulphite (160 pg/ml in PBS) 
followed by 200 tl of potassium iodide (20 mg/ml in PBS). 
Separation of the iodinated hormone from the free iodide 
was carried out by gel filtration through a column (diameter, 
10 m) of Sephadex G-50 (Pharmacia) (1 gram soaked in PBS 
plus 2% BSA). PBS + 1% BSA + 0.1M EDTA was added to the 
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column and 1 ml fractions were collected. 	The fraction 
containing 1251-LH of the highest specific activity was 
diluted in label buffer to a concentration of 50-100 pico-
grams per 0.1 ml. 
Later iodinations used a modification of the above 
method in which a column (diameter, 10 mm) containing 
6 cm of cellulose CF-11 (Whatman Pharmaceuticals) was 
used to separate the free 125  and damaged 1251-LH from 
the pure 1251-LH. 	After the iodination reaction the 
contents of the reaction tube were transferred to the 
column and the waste was washed through with 30 ml of 
barbitone buffer. 	Twenty mis of barbitone buffer plus 
5% BSA, was added to the column and this strong protein 
solution displaced the undamaged labelled hormone, which 
was collected as above. 	The sensitivity of the assay 
was not altered by changing the method of iodination and 
the latter method increased the 'working life' of the 
labelled hormone. 	lodinations with cellulose column 
separations were carried out by Mr. M. Peet. 
Disposable pipettes were used throughout the assay 
for dispensing the standards and plasma samples. 	Buffer 
was added to assay tubes with a semi-automatic dispenser 
(Lumix: Chemlab Instruments, Ltd.) and repettes (Jencons) 
were used to add iodinated hormone and antibody to the 
tubes. 	Standard solutions were prepared with glass 
pipettes (E-MIL). 
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The assays were conducted in duplicate using plastic 
75 x 10 mm tubes. 	The protocol of each assay included: 
Total counts tubes (TO: an aliquot of 
iodinated LH only.. 
Non-specific binding'tubes (NSB): aliquots 
of buffer and iodinated hormone. 
Total bound tubes (TB): bufferiodinated 
LH and antiserum. 
Standards, quality controls and unknown tubes: 
buffer, standard or plasma, antiserum and 
iodinated LH. 
The following procedure was used for each assay: 
Standard solutions of NIH-LH-S14 in PBS + 0.27o BSA 
were serially diluted and 100 il of each dilution was 
added to tubes containing 600 l of PBS + 0.27o BSA. 
 Up to 400 pl of plasma quality controls and unknowns 
were added to buffer (PBS + 0.27o BSA) so that each tube 
contained 700 l of plasma plus buffer. 
Antiserum (100 i.il of a 1/?00,000 dilution) in PBS 
+ 0.29o' BSA was added to total bound, standard and unknown 
tubes and the assay was incubated at 40  C for 24 h. 
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Iodinated LH (100 1) in label buffer was added to 
all the assay tubes and the assay was incubated at 40  C 
for 3 days. 
Separation of free 125 1-LH from that bound by the 
antiserum was carried out by the addition of 100 il 
donkey anti-rabbit gamma globulin (Wellcome Reagents, 
Ltd., Beckenham, Kent) in PBS + 0.29 o' BSA (1:40 v:v), 
and the assay was incubated overnight at 40  C. 
Before centrifugation a 1 ml wash of PBS was added 
to all the assay tubes (except total counts). Following 
centrUugation the supernatant was decanted and each tube 
was dried with tissue paper. 
7.. 	The activity of bound 1251-LH was measured in an 
automatic gamma spectrometer (Wallac Decem - GT2). 
2.8a Calculations 
A program for the construction of a standard curve 
and the determination of the amounts of LH in unknowns was 
written for a desk computer (9821A Calculator; Hewlett 
Packard) by Mr. R.M. Sharpe. 	The program was written to 
construct a straight line from the typically sigmoid 
standard curve. A standard curve was calculated using 
a Y axis of the logit transformation of B/Bo (where B = 
counts in the standard tubes - counts in NSBtubes, and 
Bo = counts in the TB tubes - counts in the NSB tubes) 
and an X axis of the picogram values of the standards on 
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a log scale at a dose interval of two. 	Values for logit 
B/Bo versus dose of added standard were plotted by the computer. 
The calculation of a standard curve omitted points 790 % of 
Bo and 410 % of Bo. 	The program then calculated a straight 
line of best fit for the data points by the method of least 
squares. 	Before a straight line was chosen, the program 
compared the values obtained for each standard against the 
amount of standard added to the tubes. 	If any datum point 
deviated significantly from its theoretical value, then the 
line was refitted excluding this datum point. 	This process 
was repeated until the best fit straight line was obtained 
which was also the best estimation of the standard curve. 
Data points were rarely excluded by the program. 
A typical standard curve obtained from plotting non-transformed 
data is compared to the straight line obtained from trans-
formation of the - same data in Figure 2.2. 	The program 
calculated the LH concentrations in the unknown tubes and 
the results were given as picograms per tube. 	The results 
were then corrected to give nanograms per ml of plasma. 
2.8b Inter-assay Variation 
Between assay variation was monitored by checking the 
slope and intercept of each straight line calculation of the 
standard curve. 	For 26 standard curves, the slope was 
-0.8744 ± 0.0112 (M ± S.E.M.); with a coefficient of variation 











Standard Curve for LH 
Each point represents the mean of four determinations. 
The logit transformation of the percentage radioactive LH 
bound in the presence of non-radioactive LH/radioactive LH 
bound in the absence of non-radioactive LH (B/B 0 : Y axis) 
is plotted against the log transformation of the amount of 
non-radioactive LH per tube (picograms: X axis); after the 
method of Midgley, Niswender and Rebar, 1969). 
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the straight line were 2.3579 -- 0.0420 (C.V. 9.6%). 
Three plasma pools were included in each assay and 
these had values' of: 
21.70 ± 1.66 ng/ml (4 ± S.E.M.); coefficient of 
variation = 7.6% (n = 35), 
12.68 ± 0.02 ng/ml (M ± S.E.M.); coefficient of 
variation = 7.6% (n = 23), 
1.39 ± 0.04 ng/ml (M ± S.E.M.); coefficient of 
variation = 15.1% (n = 27). 
2.9 	RADIOIMMUNOASSAY FOR PROGESTERONE 
Progesterone in plasma was measured by a radioimuno-
assay similar to that described by Scaramuzzi, Corker, Young 
and Baird (1975). 
2.9a The Antisera. 
Two antisera were used. 	One of these (Number 353[7]), 
generously supplied by Dr. K. Dighe, was raised' in a rabbit 
against progesterone-lla-hemisuccinate_bovine serum albumin 
conjugate. 	This antiserum was used at an initial dilution 
of 1/4000 which bound 30-40% of 1,2,6,7- 3H-progesterone. 
This antiserum had been tested for specificity by Dr. K. Dighe 
and cross reactions were reported by Dighe and Hunter (1974). 
A second antiserum (Number 361 FB) was raised by immunizing 
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sheep against progesterone-lla-hemisuccinate-bovine serum 
albumin conjugate by Dr. R.J. Scaramuzzi, using procedures 
similar to those reported by Scaramuzzi, Corker, Young and 
Baird (1975). 	This antiserum was uncharacterised on receipt 
and an evaluation of specificity was undertaken (see below). 
2.9b Reagents, Solvents and Steroids 
The assay buffer, 0.05M phosphate gelatin buffer, was 
prepared by dissolving sodium chloride (9 g), disodium 
hydrogen orthophosphate (anhydrous: 8.60 g), sodium dihydrogen 
orthophosphate (dihydrate: 6.08 g) and gelatin (1.00 g) in 
1 litre of distilled water. 	Sodium thiomersalate (.001% 
wt/v) was added as a preservative. 
Analar grade petroleum ether (40-600C) and methanol and 
Arisar grade ethanol were used. 	All the above chemicals 
and solvents were from BDH. 	Norit A charcoal was obtained 
from Sigma Chemical Co. Ltd. 
Non-radioactive steroids were obtained from the Sigma 
Chemical Co. and accurately weighed amounts were dissolved 
in ethanol and stored at 4 0 C. 
Radioactive progesterone (1,2,6,7- 3H-progesterone, 
-180 MCi/mg; Radiochemical Centre, Amersham) was diluted 
to a concentration of 10 jCi/ml in ethanol and stored at 40 C 
for up to eight months. 	The purity of the radioactive pro- 
gesterone was tested on receipt by thin layer chromatography 
on silica gel plates (polygram Sil G/UV254 ; Macherey-Nagel 
61. 
and Co.) in dichloromethane:ace.tone (80:20 v/v). 	The 
radioactive progesterone was located using a Berthold LB 
2723 thin layer plate scanner (Camlab). 	Non-radioactive 
progesterone wasplaced on the same thin layer plate and 
was located using ultraviolet light (2 254 nm). 	One 
peak of radioactivity was located in the same region as the 
cold hormone. 	Routine checks of purity were carried out 
and no deterioration of the 1,2,6,7- 3H-progesterone was 
apparent over the period during which it was.. used. 
The counting fluid was prepared by adding 4 g of 
2,5-diphenyloxazole (PPO) and 300 mg of p-bis-(2--[2 phenyl- 
oxazolyl])-benzene (POPOP) to one litre of toluene (analytical 
grade; Koch-Light), which was then added to 500 ml of 
Triton X-100 (analytical grade; Koch-Light). 	This was 
mixed until a homogeneous solution was obtained and 10 ml 
was added to vials before counting using a semi-automatic 
dispenser (Zipette: Jencons). 
Disposable glass tubes (10 mm x 75 mm) and plastic 
disposable pipettes were used throughout the assay. 	Initially, 
glass scintillation vials (Packard Instrument Co.) were used 
but later assays used plastic disposable vials (New England 
Nuclear). 
The antiserum and tracer were dispensed with a Hamilton 
syringe (Hamilton Co. Reno, Nevada). 
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2.9c Extraction of Progesterone from Plasma 
Aliquots of plasma (0.2 ml) were pipetted into glass 
tubes (125 x 15 mm). 	Ten volumes of freshly distilled 
petroleum ether were added and vigorous mixing was carried 
out, in a mültivortex mechanical shaker (Baird and Tatlock) 
for 3 mins. 	When solvent and aqueous phases had settled, 
the aqueous phase was quickly frozen by dipping the tubes 
into methanol containing dry ice. 	The solvent phase was 
then decanted into 75 x 10 mm glass tubes. 	These tubes - 
were placed in a heated block (Driblock DB3, Tecam) and solvent 
evaporated to dryness under nitrogen. 	A manifold to regulate 
the flow of nitrogen was made by Mr. R. Gibb. 
2.9d Radioimmunoassay 
Duplicate aliquots were extracted and assayed separately 
for each unknown. 	The dried residue from the plasma extraction 
was redissolved in 0.2 ml of buffer. 	After mixing and 
standing at room temperature for a minimum of 1-i- h, 0.1 ml of 
this solution was added to tubes containing 0.1 ml of diluted 
antiserum in buffer and 0.1 ml of 1,2,6,7- 3H-progesterone in 
buffer (-.-- 50 pg). 
A standard curve was constructed using progesterone 
standards which had been dissolved in ethanol and diluted in 
buffer. 	Standards were serially diluted and were aliquoted 
in triplicate so that tubes contained 20-1000 picograms of 
progesterone. 	With the addition of 0.1 ml of antiserum and 
0.1 ml of 3H-progesterone, the final incubation volumes of 
the assay and the standard tubes were 0.3 ml. 
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Two sets of triplicate tubes were set up with 0.1 ml 
of tracer and 0.2 ml of buffer. 	Three tubes were used to 
measure the total counts added (total count tubes: TC) and 
charcoal solution was later added to the other three to 
measure the amount of radioactivity which was non-specifically 
bound by the buffer (non-specific binding tubes: NSB). 
A further three tubes contained tracer (0.1 ml), antiserum 
(0.1 ml) and buffer (0.1 ml) so that the total binding of 
311-progesterone by the antiserum could be measured (total 
bound tubes: TB). 
The assay was incubated overnight at 40  C and then 1 ml 
of charcoal suspension in buffer (100 mg/100 ml) was added 
to all tubes except TCwhile both the suspension and the 
tubes were kept at 40  C. 	The TC tubes received 1 ml of buffer. 
After the appropriate 'stripping time' all the tubes were 
centrifuged at once for 10 mins at 40  C. 	The supernatant 
was immediately decanted into counting vials. 	Following 
the addition of scintillation fluid (10 ml) the vials were 
allowed to equilibrate in a cooled (40 C) scintillation 
counter (Packard, Model 3375) for 1-2 h prior to counting. 
All vials were counted for a minimum of 5 mins. 
The concentration of progesterone in the aliquots of 
the unknowns was calculated using the computer program 
previously described for the LH assay. 	Values obtained 
in the assay were then corrected for the percentage of 
recovered progesterone calculated for each assay. Duplicate 




2.9e Recovery of Progesterone from Plasma 
In the first five progesterone assays, the recovery 
of hormone from plasma was calculated for each sample. 
The coefficient of variation for recovery between samples 
within an assay was found to be less than 11% over five 
assays. 	Recoveries for subsequent assays were calculated 
for 10 aliquots of plasma from samples included in the 
assay. A mean recovery was then applied to all samples 
within the assay. 
To estimate the amount of progesterone extracted from 
plasma, 20 il 1,2,6,7- 3H-progesterone in ethanol ('--2000 cpm) 
was added to 0.2 ml plasma in 15 x 125 mm glass extraction 
tubes and extraction procedures were carried out as for the 
assay. 	Following the evaporation of the solvent the residues 
were dissolved in 200 41 of buffer. 	After mixing and 
standing for if h, 100 41 of this solution was aliquoted 
into scintillation vials for counting. 	Two 20 41 aliquots of 
the tracer (total counts) were also counted. The amount of 
311-progesterone recovered by extraction of these 10 samples 
was used to estimate a mean recovery for each assay, and pg 
values from the assay were then corrected. 
Figure 2.3 gives the recovery of progesterone from 
plasma when extraction with petroleum ether is carried out 
on a multivortex mixer. 	An extraction time of 3 mins was 
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FIGURE 2.3: 
The Effect of Mixing Time with Petroleum Ether on the 
Recovery of Progesterone from Plasma. 
Each point is the mean of triplicate determinations. 
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for 51 assays. 
2.10 VALIDATION OF THE PROGESTERONE ASSAY USING ANTISERUM 361FB 
On receipt, the antiserum was diluted in buffer and 100 il 
of each dilution was added to tubes containing 100 pl of buffer 
and 100 p.1 of 1,2,6,7- 3H-progesterone. 	Figure 2.4 shows the 
effect of dilution on the binding capacity of the antiserum. 
An initial dilution of 1:4000 was chosen for routine use in 
the assay. 
The effect of the time of incubation of the antiserum with 
1,2,6,7- 3H-progesterone on the binding capacity of the hormone 
is shown in Figure 2.5 and on the basis of these results all 
assays were incubated overnight. 
The effect of 'stripping' by the charcoal separation 
procedure was evaluated by measuring the percentage of radio-
active progesterone in the supernatant after adding the 
suspension and centrifuging after various intervals of time. 
Table 2.1 shows the effect of charcoal concentration on 
the percentage of hormone bound by the antiserum when 30 minutes 
elapsed between addition of the suspension and centrifugation. 
A concentration of 100 mg/100 ml of charcoal in buffer was 
chosen for use in the assay. 
Figure 2.6 shows the 'stripping' effect of this con-
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FIGURE 2.4: 
Titre Curve for Progesterone Antiserum 361FB 
Each point is the mean of triplicate determinations. 
• • : Titre curve in the absence of non-radioactive 
progesterone. 









4 	8 	12 	16 	20 
TIME OF INCUBATION (Hours) 
FIGURE 2.5: 
The Effect of the Time of Incubation of Progesterone 
Antiserum 361FB with 1,2,6,7- 3H-Progesterone on the Percentage 
of Radioactive Hormone 'Bound' by the Antiserum 
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FIGURE 2.6: 
The Effect of 'Stripping' with Charcoal on the Binding 
Characteristics of Progesterone Antiserum 361FB 
X. 	X : Percentage of radioactivity remaining in the 
supernatant of tubes containing 1,2,6,7- 3H-progesterone and 
buffer (non-specific binding); 
I 	I : Percentage of 1,2,6,7- 3H-progesterone 'bound' 
by the antiserum. 
Each point is the mean of triplicate determinations. 
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TABLE 2.1 
THE EFFECT OF THE CONCENTRATION OF A CHARCOAL SUSPENSION 
ON THE AMOUNT OF 1,2,67- 3H-PROGESTERONE BOUND BY THE 
PROGESTERONE ANTISERUM 361FB 
Charcoal Non-specific % 3H-Progesterone 
Concentration binding 	-- bound- 
mg/100 ml (% TC) 
100 3.6 30.0 
200 1.8 21.2 
300 2.1 19.7 
400 1.6 17.7 
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that the time delay between the addition of charcoal suspension 
and centrifugation should be 15-20 mins. 	The addition of 
dextran to the charcoal suspension had no significant effect 
on the stripping characteristics of the antiserum. 
Specificity of the antiserum to measure progesterone in 
plasma was tested by incubating the antiserum with 1,2,6,7_ 3H-
progesterone and serial dilutions of a variety of steroid 
hormones. -  Cross reactions between the antiserum and steroids 
other than progesterone were expressed as a percentage after 
dividing the mass of unlabelled progesterone displacing 50% 
of the radioactivity by the mass of the unlabelled stenid 
displacing 50% of the radioactive progesterone. 	These cross 
reactions are given in Table 2.2. 	McNatty, Revfeim and 
Young (1973) have shown that 95% of the material in a light 
petroleum extract of sheep plasma behaved like progesterone 
when eluted through a Sephadex column. 	The low cross reactions 
of the 361FB antiserum with progestagens other than progesterone 
were therefore not considered to be significant. 	Deoxycortico- 
sterone is not extracted from plasma by light petroleum 
(J.J. Scarisbrick, pers. comm.) and the high cross reaction 
with this steroid was therefore not significant. 
The accuracy of the assay was measured by .adding known 
amounts of progesterone in buffer to plasma of castrated rams 
and assaying the ether extracts. 	The means (± S.E.M.) of 
quadruple determinations of the amount of progesterone 
measured in the assay were plotted against the amount of 
progesterone added (Fig. 2.7). 	The calculated linear 
TABLE 2.2 
SPECIFICITY OF PROGESTERONE ANTISERUM NUMBER 361FB 
Steroid Tested 	 Cross Reaction % 
Progesterone 100 






Pregnenolone < 0.1 
Deoxycorticosterone 21.2 
Corticosterone 9.7 
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FIGURE 2.7: 
The Accuracy of the Progesterone Assay using 361FB 
Progesterone Antiserum 
1 	 The amount of progesterone recovered from castrated 
ram plasma containing known amounts of progesterone (Y) is 
plotted against the amount of progesterone added (X). 	Each 
point is a mean of quadrup1icatedeterminations and the 

























regression equation of the line in Fig. 2.8 is y = 0.95X 
- 0.17 (where x = concentration of progesterone added to 
plasma and y = concentration of progesterone measured by 
the assay). 
Within assay precision expressed as the coefficient of 
variation of the difference between duplicates was calculated 
by the formula 
C.V. = , /x_100) 2 
\ 
(where d = the difference between duplicate measurements, 
= the mean of the duplicate measurements and n = the number 
of duplicate pairs). 
For 38 samples <2 ng/ml the coefficient of variation 
was 13.9%; for 42 samples 72 ng/ml it was 7.9%. 
2.11 COMPARISON OF PROGESTERONE ANTISERA NUMBERS 353(7) AND 
361FB 
The standard curves obtained with the two antisera are 
compared in Table 2.3. 	There were no significant differences 
in the slope or y intercept of the log-logit transformations 
of the standard curves. 	The sensitivity of the assay was also 
comparable with each antiserum. 	Figure 2.8 shows a typical 
log-logit transformation of the standard curve for pkogesterone 
using the 361FB antiserum. 
TABLE 2.3 	COMPARISON OF PROGESTERONE ANTISERA NUMBERS 353(7) AND 361FB 
The means (M), standard errors of means (S.E.M.) and coefficients of variation (C.V.) are given 
for each parameter. 	The slopes and Y intercepts of the standard curves after log - logit transform- 
ation are compared using both antisera. 	The amount of progesterone (pg) that displaced 10% of the 
3H-progesterone bound to the antiserum (90% binding) indicates the sensitivity of the assay. The 
concentration of progesterone in a single plasma pool was measured in each assay to assess between 
assay variation. 
Source of Variance 353(7) Antiserum 361FB Antiserum 
(n = 40 assays) (n = 11 assays) 
M-+ S.E.M.; 	C.V. 	(%) M ± SEM.; C.V. 	(%) 
Standard Curve: 
Slope 0.420 + 0.037; 	8.7 0.407 ± 0.036; 8.9 
Y intercept 2.214 ± 0.009; 	4.3 2.136 	0.011; 5.3 
90% binding (pg) 15.9 ± 3.8; 	 24.4 175 ± 3.7; 21.2 

















Standard Curve for Progesterone. 
Each point represents the mean of quadruplicate deter-
minations. 	The logit transformation of the percentage 
radioactive progesterone bound in the presence of non-radio-
active progesterone/radioactive progesterone bound in the 
absence of non-radioactive progesterone (B/B 0 : Y axis) is 
plotted against the log transformation of the amount of non-
radioactive progesterone added (picograms: X axis). 
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Aliquots of a plasma pool were included in each assay 
to assess between assay variation. 	The mean progesterone 
concentration in this plasma pool is given in Table 2.3 with 
the coefficient of variation between assays. 	The concentration 
of progesterone measured did not vary significantly between 
assays using the two different antisera. 
2.12 	RADIOIMMUNOASSAY OF TESTOSTERONE 
The testosterone assays were carried out by Mr. D.W. 
Davidson and Mrs. R. Cunningham and details of the assay 
have been reported elsewhere (Corker and Davidson, 1976). 
The antiserum to testosterone (E01, supplied by Dr. S.A. 
Till son, Aliza Corporation, Palo Alto, USA) was raised in 
a goat immunised with testosterone-3-oxime coupled to bovine 
serum albumin. 	Dihydrotestosterone was the only steroid 
which showed a major cross reaction (25%) with this antiserum. 
To measure testosterone in plasma from females, 0.5 ml aliquots 
of the plasma were mixed with 2.5 ml hexane ether (4/1: v/v) 
and the organic phase was placed on a 3 cm alumina column 
(Savory and Moore). 	The column was then eluted with O.1% 
ethanol in hexane and then testosterone was collected in 1% 
ethanol in hexane. 	After the solvent had been evaporated, the 
residue was dissolved in buffer for the assay. 
2.13 	RADIOIMMUNOASSAY OF OESTRADIOL-17 
Ovarian venous plasma oestradiol-17P was measured by 
a radioimmunoassay reported by Van Look, Hunter, Corker and 
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Baird (in preparation). 	This assay was performed by Dr. 
P.F.A. Van Look. 	The antiserum used in the assay was raised 
in a rabbit injected with oestradiol-17.6-(0-carboxymethyl)-
oxime bovine serum albumin, and its characteristics are 
reported by Exley, Johnson and Dean (1971).. Major cross 
reactions included 17a-oestradiol, 2.0%; oestriol, 1 .7%; 
and oestrone, 0.27o
. 
2.14 	RADIOIMMUNOASSAY OFANDROSTENEDlQNE=. 
Radioimmunoassay of plasma androstenedione was performed 
by Mr. I. Swanston and has previously been described by Baird, 
Burger, Heavon-Jones and Scaramuzzi (1974). 	The antiserum 
used for this assay was raised in rabbits immunised with 
androstenedione-lia-hemisuccinate coupled to BSA (supplied 
by Dr. Schopman, Rotterdam, Holland). 	Significant cross 
reactions were obtained with lla-hydroxyandrostenedione (36%), 
adrenosterone (43%) and testosterone (0.3%). 
The assay for androstenedione differed from that previously 
described only in the method of extraction and preparatory 
chromatography of the samples. 	Aliquots of plasma (0.1-mi) 
were extracted with 20 volumes of hexane ether (4:1 v/v). 
After quick freezing of the lower aqueous layer, the organic 
phase was transferred to a 28 x 8 mm alumina column which had 
been previously washed with 3.2 ml ethanol, 6.4 ml methanol, 
4.8 ml of dichloromethane and methanol (1:1 v/v) respectively. 
The sample was allowed to run through the column and the 
column was washed with 4.0 ml of hexane and ether (4:1 v/v) 
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and 6.4 ml of 0.01% (v/v) ethanol in hexane. 	The andro- 
stenedione fraction was obtained after adding .3.2 ml of 
1.0% ethanol in hexane. 	The samples were then evaporated 
to dryness under nitrogen, redissolved in 0.5 ml of buffer 
and assayed by the method of Baird et al.(1974). 
2.15 	 TREATMENT OF PREGNANT EWES 
During the 1973 mating season the oestrous cycles of 
24 Finnish Landrace x Dorset Horn ewes were synchronised 
with progestagen impregnated intravaginal sponges (Synchromate: 
G.D. Searle and Co.) containing 30 mg fluorogestone acetate 
(SC 9880: 17o-acetoxy-9a-fluoro-11-hydroxypregn-4-ene-3: 20 
dione). 	Mating to Finn-Dorset rams took place at the 
second oestrus following sponge withdrawal. 	The ewes were 
then randomly divided into three groups of eight. 	Implants 
of 1 g (1.010 -i- S.E. 0.003) testosterone (Organon Laboratories 
Ltd.) were placed subcutaneously in the necks of two groups 
of ewes, using aseptic procedures under local Xylocaine 
anaesthesia. 	One group was implanted on day 30 (range 29-30) 
of gestation and the implants were removed on day 80 (range 
80-81); another group received implants on day 50 (range 
48-51) which were removed on day 100 (range 98-101). 	The 
third group of ewes served as controls and were not implanted. 
One ewe in the control group died, and one animal in the 
D30-80 group was not pregnant. 	During April, 1974, the 
remaining 22 ewes produced 54 lambs (25 male, 29 female) 
over a 10 day period. 	Large litters were reduced to two 
lambs and the surplus animals were reared artificially. 
During the 1974 mating season 1 g testosterone was 
implanted into two further groups of six pregnant ewes on exactly 
day 70 or 90 post mating and the implants were removed 
on days 120 or 140 respectively. 	Oestrus had not been 
synchronised in these ewes but they all lambed in February, 
1975, over a four week period, giving 21 lambs (9 male, 
12 female). 	All the feinales were kept and the males were 
discarded. 	Figure 2.9 shows the periods of pregnancy 
during which the ewes were implanted with testosterone. 
The androgenised ewes used in these studies are 
identified by the following abbreviations which denote the 
period of pregnancy during which their mothers were implanted 
with testosterone: 
D30-80: mothers implanted between days 30-80 of pregnancy; 
D50-100: 	it 	 it 	 11 	 it 50-100 " 	 ; 
D70-120: 	 U 	 " 70-120 " 	 It 
D90-140: 	 " 	 " 90-140 " 
In chapter Three these abbreviations are also used to 
refer to the groups of implanted pregnant ewes. 
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FIGURE 2.9: 
The Periods of Pregnancy During which Pregnant Ewes 
were given Sub-cutaneous Implants of 1 gram Testosterone, 
represented by Horizontal Bars. 
CHAPTER THREE 
THE EFFECTS OF TESTOSTERONE 
IMPLANTS IN PREGNANT EWES 
AND ON THE EXTERNAL GENITALIA 
OF THEIR FEMALE OFFSPRING 
82. 
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3.1 	 INTRODUCTION 
The gonads of the sheep fetus are able to be histo-
logically distinguished as ovaries or testes by day 35 
of gestation (Maulon, 1961), but distinction between the 
sexes is possible by day 30 when the testes are larger 
than the ovaries (Attal, 1969). 	Attal was able to measure 
androgens in the fetal testes as early as day 30 and the 
gonadal and plasma levels of androgens in fetal sheep have 
also been measured by Pomerantz and Nalbandov (1975). 	This 
latter study showed that testicular androgen was secreted in 
relatively high amounts until mid-gestation when it declined 
to low levels. 
The external genitalia of the sheep / fetus are fully 
differentiated by day 45 of pregnancy (Attal, 1969) and the 
development of the male type is almost certainly reliant upon 
testicular steroid secretions (Jost, Vigier, Prpin and 
Perchellett, 1973). 	Female lambs whose mothers had received 
a 1 g testosterone implant from days 20 or 40 of pregnancy 
until term, were born with a penis and no vaginal opening 
(Short, 1974). 	Females whose mothers were treated from 
day 60 showed a slight degree of masculinisation whereas 
treatment from day 80 did not affect the female fetus (Short, 
1974). 
The following experiments were designed to complement 
and extend the observations of Short (1974) and to provide 
84. 
more exact definition of the period of development during 
which testosterone was able to masculinise the external 
genitalia of the female fetus. 
3.2 	 PROCEDURE 
Pregnant ewes were implanted with 1 g testosterone 
[Section 2.7]. At the time of implant removal, jugular 
venous blood was taken fromthe pregnant ewes to measure 
plasma testosterone concentrations. Single samples were 
collected from those ewes lambing in 1974 and three half-
hourly samples were collected from those lambing in 1975. 
The size of the clitoris in the implanted ewes was 
subjectively assessed on a 0-5 scale at the time of implant 
removal and again just prior to parturition. 	After removal, 
the testosterone implants were dried and weighed to determine 
the amount of testosterone released over the implantation 
period, and hence it was possible to estimate the daily 
release rate. 
The appearance of the external genitalia of all the 
lambs was recorded at birth, and the size of the clitoris 
assessed at 10 months of age. 	The penile diameters of the 
female offspring showing complete masculinisation were 
compared with those of normal male controls at 10 months of 
age, using callipers to obtain three measurements immediately 
anterior to the scrotum. 
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The internal genitalia of the D30-80 1 D50-100 and 
control lambs were examined at 12-18 months of age by laparo'tomy 
under nembutal anaesthesia. 	Two sheep from each of the 
D30-80 and D50-100 groups were killed during the course of the 
study. 	Post-mortems were carried out immediately following 
death and ovaries, accessory glands, uterus and vagina 




3.3a The Effects of Testosterone on the Implanted Pregnant 
Ewes 
Following.implantation, the D30-80 and the D50-100 ewes 
showed increased aggressive behaviour. 	This was not shown 
by the control ewes nor by those ewes implanted later in 
gestation. 	No objective methods were used to quantif 
this behaviour, but it was mostly concentrated around the 
feeding troughs, and ceased following withdrawal of the 
implants. 
The implanted ewes all lambed after a normal gestation 
of approximately 143 days and no dystokia was encountered. 
There was some intrauterine death, and although this was higher 
in the groups implanted later in gestation (Table 3.1), the 
group differences did not achieve significance (0.05 <P <0.10; 
Table 3.1). 	There was no -difference in the number of dead 
lambs born during 1974 or 1975. 	All the ewes lactated, 
although two D90-140 mothers did not produce enough milk to 
feed even a single lamb, so supplementary feeding was necessary. 
TABLE 3.1 
EFFECTS OF SUBCUTANEOUS TESTOSTERONE IMPLANTS IN PREGNANT EWES 
ON LENGTH OF GESTATION AND NUMBER OF LAMBS BORN 
Experimental Year Number of Length of Pregnancy Number of Number of cases 
Group of Ewes lambing (days) Lambs Born b of Intrauterine Death+a 
Male Female Mating 
M + s.E.M.*a 
- 
Control 1973 7 142.8 ± 0.85 5 10 0 
D30-80 1973 7 143.3 ± 0.47 9 9 1 
D50-100 1973 8 143.5 ± 0.42 11 10 1 
D70-120 1974 6 143.2 + 0.58 6 6 2 
D90-140 1974 6 141.6 ± 0.51 3 6 4 
TOTAL 32 143.0 ± 0.27 34 41 8 
* Group difference Chi 2 = 9.319; 0.05 <P <0.10 
+ Non-significant group difference 
a Non-significant difference between years 	 U. 
b Non-significant difference in the number of males vs. females 
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Testosterone concentrations in the jugular venous 
plasma of the ewes at the time of implant removal are 
given in Table 3.2, together with the estimated daily release 
rate. 	The variability was greater in the single samples 
collected in 1974, and the three half-hourly samples taken 
in 1975 reduced the standard errors considerably (Table 3.2). 
The D30-80 ewes had significantly higher (P < 0.05) testosterone 
levels than the D70-120 and the D90-140 animals. 	Correlation 
of plasma testosterone levels with time of implant removal 
was significant (r = -0.526; p <0.05). 	The daily release 
rate of testosterone was similar in all groups. 	The plasma 
testosterone levels in the control ewes were below the limit 
of sensitivity of the assay (<0.1 ng/ml). 
Subjective assessments of clitoral size in pregnant 
ewes at implant removal are given in Table 3.3. 	Enlarge- 
ment was greater in the D30-80 and D50-100 groups than in 
the D70-120 and D90-140 groups. 	The hypertrophy diminished 
rapidly following withdrawal of the implants and the clitoral 
size had returned to normal by the time of parturition. 
3.3b External Genitalia-of the Androgenised Female Lambs 
The genetically female lambs could be identified at 
birth by the fact that regardless of the extent of masculin-
isation of the external genitalia, the ovaries remained in 
their normal intra-abdominal position; thus the scrotum of 
the masculinised animals was always empty, whereas the normal 
males had palpable testes present in the scrotum from birth 
onwards. 
TART.V • 9 
PLASMA TESTOSTERONE LEVELS AND DAILY RATE OF RELEASE IN EWES 
IMPLANTED AT DIFFERENT STAGES OF GESTATION 
Experimental Year Plasma Testosterone Rate of Release of 
Group of Concentration (ng/ml) Testosterone (mg/day) 
Mating M + S.E.M.*a M + S.E.M. 
Control 1973 <0.1 
D30-80 1973 11.4 ± 2.59 6.9 ± 0.45 
D50-100 1973 7.8 ± 1.84 7.1 ± 0.48 
D70-120 1974 4.2 ± 0.49 7.6 ± 0.69 
D90-140 1974 3.8 ± 0.52 7.0 ± 0.44 
* Significant group difference - P 0.05 
+ Non-significant group difference 
a Significant year difference 	P 40.05 
b Non-significant year difference 
TABLE 3. 3_ 
CLITORAL HYPERTROPHY IN PREGNANT EWES 50 DAYS AFTER 
SUBCUTANEOUS IMPLANTATION OF TESTOSTERONE 
Period of Size of Clitoris (0-5 Range)* 
Implantation 
(Days of At Implant Removal At Lambing 
Gestation) 
Mean Range Mean Range 
0 (Control) 0 0 0 0 
D30-80 3.4 (1-5) 0 0 
D50-100 3.5 (1-5) 0 0 
D70-120 0.4 (0-1) 0 0 
D90-140 0 0 0 0 
0 - normal; 5 - marked hypertrophy 
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FIGURE 3.1 
The External Genitalia of Androgenised Female Sheep compared 
to Those of the Normal Ewe and Ram at Six Months of Age. 
Plate A : 	The perineal area of the normal female showing 
the anus (a), vaginal opening (b), vulva (c) and 
ventral commissure (d). 
Plate B : 	The perineal area of a D50-100 female showing 
a constricted vaginal opening (e) and fused 
labia M. 
Plate C : 	Ventral view of a D30-80 female showing an empty 
scrotum (g) and abnormal preputial opening (h). 
Plate D : Ventral view of a normal ram showing a well developed 
scrotum containing testes (1) and a normal pre-
putial opening (j). 
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Females exposed to testosterone between days 30-80 of 
gestation showed complete masculinisation of the external 
genitalia; they were born with a penis and an empty scrotal 
sac (Fig. 3.1c). 	The processus urethrae appeared similar 
to that of the normal male, but the prepuce could not be 
drawn back from the galea capitis, and the preputial opening 
appeared abnormal (Figs. 3.1c and 3.1d). 	The penile 
diameters of the D30-80 females (0.77 ± 0.10 cms; M + S.E.M.) 
were significantly smaller (P <0.01) than the male controls 
(1.20 ± 0.10 cms; M + S.E.M.) when measured at 10 months 
of age. 
The external genitalia of the androgenised females are 
compared with normal female controls at 10 months of age in 
Table 3.4. 	In the normal ewe, the clitoris is short and lies 
in the fossa clitoridis, surrounded by the labia (Fig. 3.1a). 
The D50-100 females showed marked elongation and fusion of 
the labia within which the enlarged clitoris could be palpated, 
although it could not be extruded. 	In addition to the small 
vaginal opening, these ewes displayed a second opening at 
the tip of the fused labia (Fig. 3.1b). 	The D70-120 animals 
showed less marked external masculinisation, and the external 
genitalia of the D90-140 group did not differ from the normal 
females (Table 3.4). 
3.3c Internal Genitalia of Androgenised Female Lambs 
Laparotomy revealed that all the androgenised ewes 
possessed ovaries. 	The uteri and vaginae of the D30-80 ewes 
were markedly distended with fluid but this was not so in 
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TABLE 3.4 
THE EFFECTS OF SUBCUTANEOUS IMPLANTATION OF 
TESTOSTERONE IN PREGNANT EWES ON THE EXTERNAL 
GENITALIA OF THEIR GENOTYPICALLY FEMALE LAMBS 
Period of Exposure 
to Testosterone 
(Days of Pregnancy) 
Size of Clitoris 
(0-5 range)* 
Vaginal Opening 
Control 0,0,0,0,0,0,0,0 Normal 
D30-80 Penis Absent 
D50-100 5,5,5,5,5,5,5,5,5 Very constricted 
in all cases 
D70-120 2,3,1,1,0,0 Constricted in 
- all cases 
D90-140 0 1 0,0 1 0 1 0 Normal 
*-0 - normal; 5 - marked hypertrophy 
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the other experimental groups. 
During their first mating season two D30-80 ewes were 
killed. One animal had a single corpus luteum on one ovary 
and the uterine and vaginal histology were characteristic of 
the luteal phase of the cycle (McKenzie and Terrill, 1937; 
Robinson, 1959). 	The other ewe showed a heavily luteinized 
follicle in one ovary and no corpora lutea. 	The uterus was 
grossly' distended; the endornetrium was attenuated, with 
sparse glandular tissue. 	Normal follicles and oocytes were 
identified in the ovaries of both animals. 	In both sheep the 
caudal part of the vagina merged into the base of the penis, 
and at this point histologically recognisable bulbo-urethral 
glands were present. 	Small seminal vesicles were also located 
on the lateral vaginal walls of both sheep. 	Visible ducts 
led along the vagina from the seminal vesicles and cross 
sections of the vaginal walls showed that these resembled the 
vas deferens with three concentric muscle layers. 	The lumen 
was small and did not show the characteristic 'star' pattern 
seen in normal males. 
Two D50-100 ewes were killed during the summer anoestrous 
period of 1975. 	The ovaries of both animals were small and 
inactive, although follicles and oocytes were present. 	The 
uteri were histologically typical of anoestrus (McKenzie and 
Terrill, 1937); neither bulbo-urethral glands nor seminal 
vesicles were evident. 	At laparotomy however, one D50-100 
ewe was found to possess vasa deferentia that lay parallel 
with but unattached to the vagina. 
95. 
3.4 	 DISCUSSION 
There were strong indications that the effects of 
testosterone on the pregnant ewes were less noticeable when 
implants were inserted during the later stages of gestation. 
For example, ewes implanted on day 30 or 50 developed marked 
aggressive behaviour, whereas tho implanted on day 70 or 
90 showed none; maternal clitoral hypertrophy was also most 
marked in the day 30 and 50 animals, less marked in the day 
70 ones, and totally absent in the day 90 group. 	There was 
also a significant decline in the maternal plasma testosterone 
levels at later gestational ages, although the estimated daily 
release rate of hormone from the implant remained constant. 
This strongly suggests that the clearance rate of testosterone 
from the maternal circulation increases with advancing 
gestational age. 	It is known that the ovine feto-placental 
unit is capable of metabolising testosterone to oestrogen 
(Pierrepoint, Anderson, Griffiths and Turnbull, 1971; Findlay 
and Seamark, 1971), and urinary oestrogen excretion increases 
dramatically in the ewe after the 70th day of gestation (Fevre, 
Piton and Rombauts, 1965), suggesting increasing placental 
áromatising activity. 	Challis, Harrison and Heap (1973) 
found no significant, change in the metabolic clearance rate 
of oestradiol-1713 during the first 140 days of pregnancy although 
the clearance rate of oestrone was increased during the last 
50 days. 
Another factor to consider is the protective effect of 
progesterone. 	Diamond and Young (1963) found that progesterone 
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protected guinea pigs against the masculinising action of 
testosterone propionate, and it is well known that there is 
a marked rise in the peripheral plasma progesterone levels in 
ewes after the 80th day of gestation (Bassett, Oxborrow, Smith 
and Thorburn, 1969). 	Progesterone treatment is also known 
to protect female rats from a neonatal androgenising injection 
of tstostemne propionate (Arai and Gorski, 1968a). 
Normal ewes injected with 50 mg testosterone twice 
a week for eight weeks showed masculine courtship, fighting 
and mating behaviour and enlargement of the clitoris (Johnson, 
Hudson, Bogart, Oliver and McKenzie, 19 56), so that the 
behavioural and anatomical changes seen in the ewes implanted 
with testosterone between days 30-80 or 50-100 were concordant 
with these previous results. 
The implantations were carried out over two different 
years, and so the results could be confounded by unknown 
seasonal effects. 	It might be argued that the lower blood 
testosterone levels in the D70-120 and D90-140 ewes was a year 
difference and not due to the later period of pregnancy at 
which these ewes were treated. 	Fortunately the anatomical 
results obtained in both years of the present study are 
entirely concordant with those obtained in a previous year by 
Short (1974), when ewes were implanted on days 20, 40, 60 or 
80 of gestation and the implants left in until term (Fig. 3.2). 
It is therefore unlikely that a seasonal effect could account 
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Periods During which Pregnant Ewes were Implanted with 
Testosterone. 
Short (1974) 	; Present Study 	 S 
Exposure of the female fetus to testosterone from 
Period 1 or 2 onwards caused complete external masculinisation. 
Exposure from Period 3 onwards caused partial masculinisation. 
Exposure during Period 4 caused no masculinisation. 	Period 
2 appears to be the critical time for complete masculinisation 
of the external genitalia, and is the time when the external 
genitalia normally begin to develop in male lambs. 
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The D30-80 lambs in the present study were completely 
masculinised, whereas the D50-100, D70-120 and D90-140 animals 
had essentially female type genitalia. 	Using these results 
in combination with those of Short (1974) it is possible to 
suggest a period of development during which the genital 
tubercle of the female sheep fetus is most sensitive to 
testosterone (Fig. 3.2). 	If exposure beins in period one or 
two and continues into period three, then complete masculinisation 
takes place. Exposure during period four causes no masculin- 
isation. 	Thus the 'critical period' for masculinisation of 
the genital tubercle appears to be between days 40-50 (Period 2; 
Fig. 3.2). 	However, androgen may continue to cause partial 
masculinisation up until day 80 of gestation (Period 3; Fig. 
3.2). 	Failure to induce masculinisation after day 80 could 
be due either to the refractoriness of the target tissue, or 
to the failure of testosterone to reach the fetus in sufficient 
quantities as a result of the increased maternal clearance rate. 
The time during which the target tissues are responsive to 
modification by androgen coincides with the time at which 
testicular androgen secretion is relatively high (Pomerantz 
and Nalbandov, 1975). 	The developing anlagen of the male 
fetus are thus exposed to higher levels of circulating androgen 
during the period when these anlagen are most sensitive to the 
hormone. 
The period during which female fetuses were able to be 
completely masculinised by testosterone agreed with the 
findings of Attal (1969) that lambs may be sexed externally 
after day 45 of gestation. 	How soon after the development 
MP 
of the testis the genitalia begin to differentiate is not 
yet known. 	It may be that the anlagen remain plastic and 
able to be differentiated by enhanced testicular steroid 
secretions occurring at any time up until day 50. 
The time at which testosterone propionate (TP) causes 
external masculinisation in the female rat is prenatal whereas 
the 'critical period' for behavioural masculinisation is 
postnatal (Swanson and Van der Werff ten Bosch, 1964b). 
Similarly, in the guinea pig androgenisation of female fetuses 
causes anatomical masculinisation before it produces behavioural 
masculinisation (Goy, Bridson and Young, 1964; Brown-Grant 
and Sherwood, 1971). 	In these two species, administration 
of androgen to the developing female does not cause complete 
external masculinisation but the genital tubercle enlarges and 
a hypospadias forms. 	This contrasts with results obtained 
in the dog (Beach and Kuehn, 1972), where prenatal TP treat-
ment caused females to develop a penis and neonatal treatment 
caused enlargement of the clitoris. 	The effects of prenatal 
androgen treatment of female rhesus monkeys were similar to 
those observed in the dog (Goy, 1968) and postnatal androgen 
administration to marmoset monkeys caused clitoral enlargement 
(D. Abbott and J.P. Hearn, pers. comm.). 	In comparison with 
the above results, prenatal androgenisation of female sheep 
fetuses causes anatomical changes similar to those seen in 
dogs and monkeys. 
Short (1974) showed that ewes implanted from days 20, 
40, 60 or 80 or pregnancy until term had difficulty at 
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lambing and many of them failed to lactate. 	Such problems 
were not encountered in the present experiment where the 
implants were removed before parturition. 	Beach and Kuehn 
(1970) injected bitches for 10 days during mid-pregnancy 
with large-doses of testosterone propionate and also encountered 
fetal death and lactational failure. 	The estimated daily 
dose of testoterone received by all the ewes in the present 
study was approximately 0.1 mg/kg/day, which is at least an 
order of magnitude less than that used to masculinise the 
females of other species (Table 3.5). 
At birth the glans penis and processus urethra of the 
ram lamb adhere to the preputial mucosa. 	As the lamb grows 
the adhesions gradually break down until the glans penis and 
processus urethra may be exposed (Wiggins and Terrill, 1953). 
These authors also found that castration prevented the normal 
maturation process of the lamb's penis. 	Inspection of the 
D30-80 offspring at 10 months of age revealed that the prepuce 
was adhering to the galea capitis, similar to the condition of 
castrated ram lambs, and the penile diameters were significantly 
smaller than in entire rams of a similar age. 	This is presumably 
due to a difference in the degree of androgenisation between 
normal males and androgenised females. 	Ashdown (1957 a;b) 
has shown that the growth of the bull's penis and separation 
of the prepuce is dependent on postnatal testosterone secretion. 
Male dogs castrated at birth, and masculinised females, had 
smaller penises than normal males (Beach and Kuehn, 1972). 
The penile diameters of the D30-80 ewes were probably smaller 
than the normal males because of a relative lack of stimulation 
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TABLE 3.5 
DOSE RATES OF TESTOSTERONE (T) OR TESTOSTERONE PROPIONATE 







Mother Rhesus Monkey 2.5 TP (approx) Phoenix et al.) 
1968 
Dog 1.1 TP Beach and Kuehn 
1970 
Guinea Pig 6.0 TP (approx) Brown-Grant and 
Sherwood, 1971 
Sheep 0.1 T (approx) Present Study 
Neonate Rat 125 TP (approx)b  Barraclough, 1968 
Hamster 30 TP (approx)b  Swanson, 1971 
a Estimated weights except for dogs 
b Single injection 
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during postnatal development by testicular secretions. 
Due to the apparent changes with age of gestation in 
the maternal rate of testosterone metabolism and, the 
possibility of aromatisation of testosterone by the placenta, 
it was not possible to know how much testosterone was reaching 
the fetus. 	Catheterisation of fetuses would be necessary 
to establish these facts. 	,j.Th Spite of this gap in 
knowledge, the results showed that implantation of pregnant 
ewes with 1 g testosterone was an effective way of masculinising 
their developing female fetuses. 
3.5 	 CHAPTER SUMMARY 
Pregnant ewes given 1 g testosterone between days 
30-80 or 50-100 of pregnancy showed increased aggressive 
behaviour and clitoral hypertrophy but this was not seen 
in ewes implanted between days 70-120 or 90-140 of pregnancy. 
Although the testosterone implants released similar 
amounts of testosterone at all stages of gestation, plasma 
testosterone concentrations were lower in the groups treated 
between days 70-120 and 90-140. 
The protective effects of progesterone or the increased 
clearance of testosterone by aromatisation are suggested as 
reasons for the above results. 
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Masculinisation of the genital tubercle was complete 
in female lambs from the D30-80 group, partial in the D50-100 
and D70-120 groups and absent in the D90-140 group. These 
results are compared with those of Short (1974) and suggest 
that the 'critical period' for masculinisation of the external 
genitalia of the sheep is between days 40-50 of gestation. 
Exposure of the female fetus to testosterone between 
days 30-80 of gestation promoted the growth of seminal 
vesicles, vasa deferentia and bulbo-urethral glands, suggesting 
that the development of these accessory glands is under the 
control of testosterone. 
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CHAPTER FOUR 
THE OCCURRENCE OF OESTRUS 
AND OVULATION IN PRENATALLY 
ANDROGENISED EWES 
105. 
4.1 	 INTRODUCTION 
Female sheep whose mothers had been implanted with 
testosterone from day 20 or 60 of gestation until just prior 
to birth, failed to show oestrus in adulthood, and their 
ability to ovulate was also impaired (Short, 1974). 	The 
small number of ewes studied by Short did not allow a detailed 
study of the effects of prenatal androgen on the brain centres 
responsible for oestrus and ovulation in sheep.. This chapter 
therefore reports a detailed study of oestrus and ovulation 
in prenatally androgenised ewes. 
A pilot trial was first conducted on a small group of 
Welsh Mountain ewes that had been prenatally androgenised by 
Short (1974). 	They were given progesterone and oestrogen 
treatments during anoestrus and subsequently checked for signs 
of oestrous behaviour. 
To ascertain whether or not androgenised ewes were 
ovulating during their first mating season, serial daily 
blood samples were collected for the measurement of plasma 
progesterone. 	Further evidence of the ovulatory, status of 
these ewes was gained by examination of their ovaries at 
laparotomy. 
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4.2 	 PROCEDURE 
4.2a Pilot Trial 
Mature Welsh Mountain ewes whose mothers were given 
subcutaneous implants of 1 g testosterone from day 20 (n = 1), 
day 60 (n = 2) or day 80 (n = 1) of pregnancy until term 
(Short, 1974) were run with a control ewe and a vasectornised 
raddled ram during the 1974 summer anoestrus. 	Previous 
observations by Short (1974) showed that the ewes which had 
been exposed to testosterone from days 20 (D20) or 60 (D60) 
of fetal life did not display overt oestrus during the mating 
season, whereas the ewe treated from day 80 (D80) had regular 
oestrous cycles. 
All the ewes were given 12 daily i.m. injections of 
10 mg/day progesterone in oil, fol4ed by a single i.m. 
injection of oestradiol benzoate (0DB) 48 hours after the 
last injection. 	Dosages of 50, 200 and 800 tg of 0DB were 
each given on two occasions and the incidence of oestrus was 
recorded. 	Figure 4.1 shows the design of this experiment. 
4.2b The Incidence of Oestrus during the Mating Season in 
D30-80, D50-100, D70-120, D90-140 and Control Ewes. 
Oestrous records of D30-80 (n = 7), D50-100 (n = 9), 
D70-120 (n = 6), D90-140 (n = 5) and control ewes (n = 8) 
were kept as described in Section 2.3. 
Synchronisation of oestrous behaviour in these ewes 




PROGESTERONE =  
APRIL MAY JUNE JULY AUGUST SEPT OCT 
FIGURE 4.1: 
The Design of an Experiment to Measure the Behavioural 
Response of Prenatally Androgenised Welsh Mountain Ewes to 
Ostradiol Benzoate during Anoestrus 
The arrows represent single i.m. injections of 0DB 
in oil at the doses indicated on the vertical axis. 
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4.2c Measurement of Plasma Progesterone 
During January and February, 1975, 35 daily plasma 
samples were collected by jugulaxvenepuncture from the 
androgenised D30-80, D50-100 and the control ewes. 	During 
November, 1975, 25 daily plasma samples were collected from 
the D70-120 and D90-140 ewes. 	Plasma progesterone concentra- 
tions were measured in these samples. 
Since a large proportion of the .ewes did not show 
regular oestrus, the life span of the corpus luteum could 
only be determined from the blood progesterone profiles. 
A normal luteal phase was defined as a period of at least 
10 days, and not more than 14 days, during which the plasma 
progesterone concentration remained above 1 ng/ml. 	The 
follicular phase was defined as the number of days between 
two successive luteal phases. 	Between group differences in 
the lengths of follicular and luteal phases were tested by 
analysis of variance. 
4.2d Laparotomy 
In the middle of the 1975/76 mating season (December - 
Jahuary) all the androgenised and control ewes were given 
a single i.m. injection of 50 ig prostaglandin analogue, 
16 cryloxy-prostaglandin, to induce the regression of any 
corpora lutea that may have been present (Baird and Scaramuzzi, 
1975). 
The ovaries of all the experimental ewes were examined 
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by lapârtomy under (\Iembutal anaesthesia, 8-14 days afte± 
the second post-prostaglandin heat, as judged from those 
animals which were having regular oestrous cycles. Thus 
laparotomies were performed on control, D30-80 and D50-100 
ewes during their second mating season and on D70-120 and 
D90-140 ewes during their first mating season. 	The numbers 
of visible corpora lutea, corpora albicantia and follicles 
present on each ovary were counted. 	Follicles were recorded 
as small (<5 mm in diameter), large (5 mm), or cystic. 
The ovaries of D30-80, D50-100 and control ewes were removed 
at laparotomy, and follicles which were classified as cystic 
(grossly enlarged) were sectioned at 10 4 and stained with 
haematoxylin and eosin. 
4.3 	 RESULTS 
4.3a Pilot Trial 
The control ewe showed oestrus-after every.. injection- of 
0DB and the D80 ewe showed a similar response to all injections 
except the first 50 p.g dose. 	The D20 ewe and the D60 ewes 
never showed oestrus. 
4.3b The Incidence 'of Oestrus in D30-80, D50-100, D70-120 
and D90-140 Ewes during the Mating Season 
Table 4.1 summarises the oestrous records of the 1974/75 
and 1975/76 mating seasons. The control and D90-140 ewes 
displayed regular overt oestrus. 	Two D70-120 ewes also 
showed regular oestrus, while four showed more sporadic 
occurrences of oestrus. 	The oestrus behaviour recorded in 
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TABLE 4.1 
THE INCIDENCE OF SPONTANEOUS S1'ROUS_CY1CLES  
IN ANDROGENISED EWES DURING THE MATING SEASON 
Group n Number of Sheep Showing Oestrous cycle 
lengths (days) 
of the ewes Regular Irregular Random 
Oestrous Oestrous Periods showing regular 
Cycles Cyclesa of Oestrus Oestrus 
(M ± S.E.M.)1 
D30-80 6 0 0 6 - 
D50-100 7 0 0 7 - 
D70-120 6 2 2 2 17.4 ± 0.4 
D90-140 5 5 0 0 16.6 ± 0.2 
Control 8 8 0 0 16.7 ± 0.6 
a Oestrous cycles occurring in multiples of 
approximately 17 days. 
No significant difference between groups. 
111. 
the D30-80 and D50-100 ewes did not conform to any cyclic 
rhythm. 
The first occurrence Of oestrus during the 1974/75 
mating season. was recorded in a control ewe on 7.11.74. 
The first recorded oestrus in the D30-80 ewes was on 
29.11.74 and in!theD5O_100 ewes was on 25.11.74. 	At the  
onset of the 1975/76 mating season the control ewes began 
to show oestrus on 12.10.75 and the first heats in D30-80 and 
D50-100 ewes were recorded on 11.10.75 and 9.10.75 respectively. 
Entering their first mating season, the D70-120 and D90-140 
ewes began to show oestrus on 22.9.75. 
4.3c Synchronisation of Oestrus with Progesterone Injections 
Table 4.2 gives the numbers of ewes which displayed 
oestrus following the period of progesterone treatment. 	The 
D90-140 ewes showed similar respOnses to the control ewes. 
Five of the six D70-120 ewes showed heat but the incidence 
of oestrus was not increased above the normal level in the 
D30-80 and D50-100 ewes (see Table 4.1). 
4.3d Plasma Progesterone Levels in Androgenised Ewes - 
Table 4.3 shows the number of ewes in which progesterone 
profiles suggested that ovulation had occurred, followed by 
the formation of a functional corpus luteum. 	All' the control 
ewes ovulated during the test period. 	The percentage of 
androgenised ewes ovulating was lowest in the D30-80 (57 %) 
and D50-100 (77 %) groups. 	For those animals that did ovulate, 
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TABLE 4.2 
OCCURRENCE OF SYNCHRONISED OESTRUS IN ANDROGENISED 
EWES GIVEN TWELVE DAILY INJECTIONS OF PROGESTERONE 
(10 mg/day, i.m.) 
Treatment n Number of Ewes Latency* 
Marked 
(Percentages in Brackets) 
D30-80 6 1 (16) 2.0 
D50-100 8 0 (0) - 
D70-120 6 5 (83) 3.0 
D90-140 5 5 (100) 2.8 
Control 8 8 (100) 2.5 
* Mean time in days from the day of the last 
injection until onset of oestrus. 
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TABLE 4.3 
THE INCIDENCE OF OESTRUS AND OVULATION IN ANDROGENISED 
EWES DURING THEIR FIRST MATING SEASON 	- 
Group n Number with Number with 
a Normal Regular, Overt 
Luteal Phase Oestrous Cycles 
(%) (%) 
D30-80 7 4(57) 0 (0) 
D50-100 9 7 (77) 0 (0) 
D70-120 6 5 (83) 2 (33) 
D90-140 5 5 (100) 5 (100) 
Control 8 8 (100) 8 (100) 
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there was no significant difference between groups in the 
concentration of plasma progesterone on day six of the luteal 
phase (Table 4.4). 	Androgenised ewes that ovulated 1so 
had luteal phases of comparable length to the control ewes 
(Table 4.4); however, the follicular phase was significantly 
prolonged in D50-100 ewes (Table 4.4). 	Figures 4.2 to 4.6 
show the plasma progesterone profiles of the ovulating 
animals. 	These figures only include one luteal phase for 
each ewe and are normalised around day one of the luteal 
phase (the first day in which the plasma progesterone levels 
rose above 1 ng/ml). 
Figure 4.7 shows the pattern of progesterone secretion 
in ewes that were not considered to be ovulating. 	In these 
animals no consistent elevation in the plasma progesterone 
concentration (above 1 ng/ml) could be identified. 
In all the control and D90-140 ewes, and in two D70-120 
ewes, regular oestrous periods occurred 1-2 days after plasma 
progesterone levels fell below 1 ng/ml. 	Oestrous cycle 
lengths of these cyclic androgenised ewes did not differ from 
control ewes. 
During sampling, 3/7 D30-80, 3/9 D50-100 and 3/6 D70-120 
ewes showed one oestrous period following luteal regression. 
One D70-120 ewe showed two oestrous periods, but otherwise 
had irregular oestrous cycles. 
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TABLE 4.4 
MID-LUTEAL PHASE PLASMA PROGESTERONE CONCENTRATIONS AND 
AND THE LENGTH OF LUTEAL AND FOLLIcULARPHASES OF ANDRO-
GENISED EWES WHICH OVULATED 




Luteal Phase Follicular Phase 
M± S.E.M. M+S.E.M4 M± S.E.M. 
(Day 6) 
D30-80 4 3.6 ± 0,7 11.7 ± 0.2 5.0 ± 0.6 
D50-100 7 3.1 ± 0.5 12.6.± 0.6 7.6 ±1.1* 
D70-120 5 . 4.2 ± 0.4 11.2 ± 0.6 4.4 ± 0.9 
D90-140 5 2.1 ± 0.5 11.8 ± 0.7 5.4 ± 0.7 
Control 8 2.6 ± 0.3 11.9 ± 0.3 5.1 ± 0.3 
~ 
+ Non-significant group differences 
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FIGURE 4.2: 
Plasma Progesterone Concentrations throughout the 
Luteal Phase of Normal Ewes 
The data are normalised around day one of the luteal 
phase which was defined as the-first day that peripheral 
plasma levels of progesterone rose above 1 ng/ml. The upper 
panel shows the plasma progesterone levels in individual ewes 
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Plasma Progesterone Concentrations in D30-80 Androgenised 
Ewes that showed Luteal Phase Levels similar to those seen in 
the Control Ewes 
The data are normalised around day one of the luteal 
phase. 	The upper panel gives the levels that were measured 
in individual ewes and the lower panel shows the mean levels 




















DAY OF LUTEAL PHASE 	 . 
FIGURE 4.4: 
Plasma Progesterone Concentrations in D50-100 Androgenised 
Ewes that showed Luteal Phase Levels similar to those seen in 
the. Control Ewes 
The data are normalised around day one of the luteal 
phase. The upper panel gives the levels that were measured 
in individual ewes and the lower panel shows the mean levels 
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FIGURE 4.5: 
Plasma Progesterone Concentrations in D70-120 Androgenised 
Ewes that showed Luteal Phase Levels similar to those seen in 
the Control Ewes 
The data are normalised around day one of the luteal 
phase. 	The upper panel gives the levels that were measured 
in individual ewes and the lower panel shows the mean levels 
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FIGURE 4.6: 
Plasma Progesterone Concentrations in D90-140 Androgenised 
Ewes that showed Luteal Phase Levels similar to those seen in 
the Control Ewes 	 S 
The data are normalised around day one of the luteal 
phase. 	The upper panel gives the levels that were measured 
in individual ewes and the lower panel shows the mean levels 
for all the ewes. 
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FIGURE 4.7: 
Plasma Progesterone Levels in Androgenised Ewes that 
Failed to show Luteal Phase Levels during the Mating Season. 
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FIGURE 4.7: 	 - 
Plasma Progesterone Levels in Androgenised Ewes-that 
Failed to show Luteal Phase Levels during the Mating Season. 
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4.3e Observations at Laparotomy 
Table 4.5 records the ovarian status of the ewes at 
laparotomy. 	There were no obvious differences in the numbs 
of corpora lutea between those ewes that ovulated, although 
there was a significant increase in the number of small 
follicles in some of the treatment groups. 	The ovaries of 
cyclic ewes contained corpora lutea (CL) and corpora albicantia 
(CA). 	In ewes without corpora lutea, evidence of previous 
ovulations (corpora albicantia) was of-ten seen anU the. numbers. 
of ewes showing either CL and CA, or only CA, are also given 





The complete absence of oestrous behaviour in theD20 '---
andD60 Welsh ewes, even when given 800 g 0DB, was in accordance 
with their failure to show oestrus or-ovulate during the mating 
season (Short, 1974). 
Oestrus and ovulation are under -hypothalamic- control in-
tIe ewe, although separate centres maybe responsible for these 
two phenomena (Clegg, Santalucito, Smith and Ganong, 1958; 
Clegg and Ganong, 1960; Radford, 1967; Przekop and Domnski, 
1970). 	The results of the pilot trial suggested that the 
testosterone implants in the pregnant ewes had a direct effect 
on the fetal brain. 	Since androgen has been shown to affect 
hypothalamic function when given to developing females of other 
TABLE 4.5 
THE OVARIAN STATUS OF ANDROGEN ISED EWES: OBSERVATIONS AT LAPAROTOMY(2 /' 0(/*,y Saiii) 









Rate of ewes 
Ovulating 
Number of Visible 
Follicles 
(Both Ovaries) 
M -- 	S.E.M. 
:Number of ewes 
with Cystic 
Follicles 
<5 mm >5 mm 
D30-80 6 5 (83) 5 (83) 2.4 29.3 ± 5.2* 45 ± 0.9 0 
D50-100 7 2 (29) 5 	(71) 3.0 11.0 + 2.2 3.1 ±0.9 3 
D70-120 6 3 (50) 5 (83) 2.3 20.2 + 4.1* 3.2 ± 1.0 0 
D90-140 5 5 (100) 5 (100) 2.7 29.4 ± 59* 4.8 ± 1.1 0 
Control 8 8 (100) 8 (100) 1.4 11.9 ± 1.9 3.7 	-- 	0.9 0 
* P 40.01 compared to Control 
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species, this result was not unexpected (see. Sections 1.2 and 
1.3). 
In contrast to the results of Short (1974) and of the 
pilot trial, oestrus and, ovulation were not completely suppressed 
in ewes that had been exposed to testosterone for 50 day 
periods of fetallife. 	Nevertheless, a degree of ovulatory 
failure and inhibition of oestrus was found in the offspring 
of pregnant ewes implanted - between days 30-80, 50-100 or 
70-120. 	The failure of the 50 day treatments to completely 
prevent oestrus and ovulation may have been due to the shorter 
periods of implantation, compared to those of Short (1974). 
The normal oestrous cycles shown by two D70-120 ewes 
suggested that the susceptibility of the fetal brain to 
androgen might be reduced after day 70 of gestation. The 
D70-120 ewes also showed oestrus more readily following 
progesterone treatment than did ewes androgenised at earlier 
stages of development. 	The D80 Welsh ewe and the D90-140 
ewes did not differ from the controls, so that treatment on or 
after day 80 did not inhibit oestrus or ovulation. 	These 
results may not mean that the fetal brain is sensitive to 
testosterone only before days 70-80 of gestation; the increased 
maternal clearance rates of steroid during the second half of 
pregnancy (Chapter 3) may have been responsible for the ineffect-
iveness of the testosterone implants after day 80. Rising 
levels of plasma progesterone at this time may also have 
antagonised the effects of the androgen on the fetus (see 
Chapter Three). 
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The demonstration of luteàl phase levels of plasma 
progesterone in most of the androgenised ewes was evidence 
of normal ovulations. 	There was no evidence that the luteal 
phase in androgenised ewes was shortened, as suggested by 
Short (1974); the peripheral progesterone concentrations in 
the androgenised ewes with corpora lutea were similar to those 
from control ewes and comparable to those reported by various 
authors (Stabenfeldt', Ewing, Patton and McDonald, 1969; 
Thorburn, Bassett and Smith, 1969; McNatty, Revfeim and Young, 
1973; Haresign, Foster, Haynes, Crighton and Lamming, 1975; 
Cunningham, Symons and Saba, 1975). 	The period during which 
plasma progesterone levels were elevated above 1 ng/ml was 
longer than reported by Thorburn et al. (1969) and McNatty et a10 
(1973), but similar to that found by Haresign et aL (1975) and 
Cunningham et aL (1975), and this may reflect differences 
between breeds or in assay methods. 
Although some androgenised ewes were completely anovulatory, 
as judged by prolonged monitoring of plasma progesterone 
concentrations and inspection of the ovaries at laparotomy, most 
of them showed evidence of having ovulated at some time. 
Short (1974) suggested that androgenised ewes may ovulate at 
erratic intervals rather than on a regular basis and the 
present results support this hypothesis. 	The presence of 
cystic follicles in the ovaries of three of the D50-100 ewes 
was probably a consequence of ovulatory failure. These 
results are similar to the delayed anovulatory syndrome of 
female rats that were given low doses.of androgen during neonatal 
life, and showed a number of ovulatory cycles before becoming 
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anovulatory (Gorski, 1968). 	In the D50-100 group, 77 % of 
the ewes ovulated during their first mating season, whereas 
only 29 % had corpora lutea present at laparotomy in the middle 
of the following •mating season. 	Androgenisation between days 
30-80 of fetal life did not appear as effective as treatment 
between days 50-100 in producing anovulatory females, since 
the former did not produce a decline in the percentage of ewes 
ovulating between the first and second mating seasons. 	In 
the D70-120 group, 5/6 ewes ovulated during their first mating 
season but when laparotomised later during the same season 
only 3/6 of these same ewes had corpora lutea. 	Androgenisation 
after day 80 (Short, 1974) or day 90 had no deleterious effect 
on oestrus or ovulation. 
Compared to the control ewes, the D30-80, D70-120 and 
D90-140 ewes had more small (<.5 mm) surface follicles present 
on their ovaries, although there was no difference in the 
number of larger (5 mm) follicles in androgenised and control 
ewes. 	The number and size distribution of follicles is 
probably constant throughout the oestrous cycle of normal 
ewes (Hay and Moor, 1975), so that the possibility of the group 
differences in the number of small follicles being an artifact 
of the day on which the ewes were observed is remote. 	Gonado- 
trophin may prevent small follicles from becoming atretic 
(Turnbull and Braden, 1976), and if the androgenised ewes had 
higher circulating levels of gonadotrophin, the results may 
possibly be explained; this possibility is examined in Chapter 
Six. 	The lower number of small surface follicles observed in 
the ovaries of D50-100 ewes, compared to the other androgenised 
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ewes, was probably because 3/7 of the D50-100 ewes had cystic 
ovaries. The large standard errors associated with the 
surface follicle counts mean that these data should be regarded 
with care. 
'Low' doses of androgen produce a delayed anovulatory 
syndrome in rats, although 'high' doses cause a greater number 
of females to be sterile throughout adult life (Gorski, 1968; 
Brown-Grant, 1975). 	Androgenising female sheep by implanting 
their mothers with testosterone exposes the fetus to 4 relatively 
'low' level of androgen (see Section 3.4). 
The effcts of prenatal testosterone on oestrous behaviour 
and ovulationin adult - ewes have two points in common: 
They are both affected by the hormone until 
day 80 of gestation. 
There is considerable evidence that both are 
controlled by neural centres within the hypothalamus 
(Clegg and Ganong, 1960; Radford, 1967), but these 
centres appear to be independently affected by the 
hormone. - Thus, ovulation may occur regularly in 
androgenised ewes without the occurrence of oestrus. 
However, regular oestrus in the absence of ovulation 
was not recorded. 
Unlike the effects of prenatal testosterone on oestrous 
-- behaviour, the failure of androgenised ewes to ovulate becomes 
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more pronounced with age. 	Another difference is that the 
prenatal testosterone begins to have a reduced effectiveness 
on oestrous behaviour after day 70 of gestation, yet ovulatory 





The capacity of ewes to ovulate and show oestrus was 
reduced if they had been exposed to testosterone before day 80 
of fetal life. 	Implantation of testosterone into pregnant 
ewes for 80 or 120 days of gestation completely prevented 
oestrus and ovulation, whereas 50 day periods of implantation 
were less effective. 
Regular oestrous behaviour was absent in the D30-80 and 
D50-100 ewes. 	The D70-120 treatment reduced but did not 
abolish oestrus and the D90-140 ewes had regular cycles. 
Daily plasma samples were taken from androgenised and 
control ewes during their first mating season to ascertain 
whether the ewes were ovulating. The control ewes had normal 
oestrous cycles during which the presence of a corpus luteum 
was indicated by a rise in plasma progesterone levels. 	Four 
of seven D30-80, 7/9 D50-100, 5/6 D70-120 and 5/5 D90-140 ewes 
showed cyclic variations in their plasma progesterone levels 
that were comparable to the patterns of the control ewes. 	In 
the D50-100 ewes the times between successive rises in plasma 
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progesterone (luteal phases) were significantly longer than 
in control ewes, suggesting that the D50-100 ewes may experience 
a delay in ovulation following luteal regression. 
4. 	The control, D30-80 and D50-100 ewes were laparotomised 
during their second mating season. 	All the control ewes, 
5/6 D30-80 ewes and 2/7 D50-.100 ewes possessed corpora lutea 
at the time of laparotomy. 	During the middle of their first 
mating season laparotomy showed that 3/6 D70-120 and 5/5 D90-140 
ewes possessed corpora lutea. 	These results show that the 
presence of testosterone before day 90 of fetal life causes 
ovulatory failure in adult ewes, and that the anovulatory 
condition is more likely to occur with increasing age. 
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CHAPTER FIVE 
THE SEXUAL AND URINATION 
BEHAVIOUR OF PRENATALLY 
ANDROGENISED EWES 
131. 
5.1 	 INTRODUCTION 
In Chapter Four it was shown that ewes exposed to 
testosterone as late as day 70 of fetal life failed to have 
regular oestrous cycles during adulthood, whereas ewes that 
had been androgenised from day 80 or 90 of fetal life had 
normal cycles. 	Permanent failure to ovulate and display 
oestrus reflects the loss of feminine reproductive potential 
- i.e. defeminisation. 
In various species (see Section 1.3 for references) 
exposure of females to androgen during development has been 
shown to enhance their display of masculine behaviour during 
adulthood. 	In this chapter the masculine and feminine 
sexual behaviour of prenatally androgenised ewes is considered 
during the mating season while they were entire or following 
castration and before or after exogenous hormone administration. 
Initially, the pattern of urination displayed by andro-
genised ewes was compared with the pattern of urination in 
normal rams and ewes. 	The pattern of urination in sheep is 
a sexually dimorphic character that is determined by the 
presence or absence of androgen during fetal development 
(Short, 1974). 
Field observations of mature normal and androgenised 
ewes were undertaken to study their masculine and feminine 
behaviour. These ewes were then ovariectomised and their 
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behavioural responses to standard doses of oestradiol-17ç3 




5.2a Field Behaviour Observations 
1) Urination behaviour: During urination ewes 
arch their backs and crouch to void urine in a continuous 
stream, whereas rams stand and void urine in a non-continuous 
stream (Short, 1974). 	The androgenised ewes and a group of 
male and female contemporaries were observed at 12 months of 
age to see how prenatal testosterone had affected their 
urination behaviour. 
Observation of Mounting Behaviour from Daily 
Records: In addition to showing which ewes were in heat, 
it was found that the raddle marking left on the rump of an 
oestrous ewe (see Chapter Four) served in turn to mark the 
brisket of any other ewe which mounted the oestrous animal. 
The briskets of all the androgenised and control ewes were 
therefore checked for colour marks over a period of 40 days, 
which included three changes of raddle colour. 
 Detailed Field Observations of Sexual Behaviour: 
The sheep were divided into two flocks. One flock consisted 
of D30-80, D50-100 and control ewes and the other of D70-120 
and D90-140 ewes. 	This meant that each flock was made up 
of sheep of the same age and both flocks contained some sheep 
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which were showing regular oestrous cycles. 	Numbers were 
sprayed on the sides of the sheep so that they could be seen 
at a distance and the ewes' behaviour was observed from an 
elevated hide outside the observation paddock (0.6 acre). 
Two series of observations were carried out, 35 days 
apart. 	Prior to each series the ovarian cycles of the ewes 
were synchronised by 12 daily i.m. injections of 10 mg 
progesterone in oil, the two flocks being treated a week 
apart to facilitate behavioural observations. 	In each 
series, detailed observations were carried out for one hour 
after sunrise and one hour before sunset each day, to give 
a total of five hours of observation, commencing when the 
first animal in the flock came into heat. 
The sexual behaviour of normal sheep has previously been 
described by Banks (1964), Bermant, Clegg and Beamer (1969), 
Grubb and Jewell (1973) and Tomkins and Bryant (1975). 	For 
the purposes of the present study the following definitions 
were used: 
Male-like courtship behaviour: 
'Scenting': 	Investigation of the perineal area which 
may involve licking of the genitalia and the tasting 
of urine. 
'Nudging': The animal positions itself behind or 
alongside the ewe facing in the same direction, the 
head is lowered and the neck is twisted while the 
shoulder is brought in contact with the ewe. 	This 
may also be accompanied by rapid licking movements 
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of the tongue and low pitched vocalisation. 
'Kicking': The animal orientates as for 'nudging' 
and raises one foreleg in a stiff forward movement 
to strike the rear of the ewe. 	Kicking is commonly 
displayed in conjunction with nudging. 
'Flehmen': This usually follows scenting. 	The head 
is raised to an angle of about 45 0 , the upper lip is 
curled backwards and the. lower lip i's retracted with 
the jaws opened whilst the animal remains stationary. 
Female-like courtship behaviour: 
'Urination': The ewe presents her rear towards the 
ram and urinates. 
'Nudging': The ewe nudges the ram with her head. 
'Tail fanning': The tail is lifted and wagged rapidly 
from side to side. 
'Head turning': The ewe's head is turned backwards 
over her shoulder while she is being courted or mated. 
Mounting behaviour: 
The animal straddles the hind-quarters of the ewe 
standing on its hind legs and may or may not commence 
pelvic thrusting. 
Aggressive behaviour: 
The head is lowered and a frontal advance is made 
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towards another animal. The advance is directed at 
the head or body, with the intention of butting. 
5.2b Observations on the Sexual Behaviour of Castrated Ewes 
The control, D30-80 and D50-100 ewes were bilaterally 
ovariectomised during December, 1975. 	After a one month 
recovery period, the ewes were put into pens [see Section 2.41 
and given a series of steroid treatments. 
Three treatment groups were formed, each containing 
two D30-80, two D50-100 and two control ewes. 	Prior to 
each observation period, all the ewes received ten daily 
i.m. injections of 10 mg progesterone in oil. 	At 0400 h 
on the second day following the last progesterone injection, 
ewes within each treatment group were given a single i.m. 
injection of either 50 tg oestradiol-1713 (E2), 500 tg 
oestradiol-17f3 or 5 mg testosterone (T) in 1 ml of oil. 
This procedure was repeated for three observation periods 
so that each ewe received each dose of steroid, and two ewes 
from each of the D30-80, D50-100 and control groups were given 
the same dose at each period. 	This experimental design is 
summarised in Table 5.1. 
Following the E2 or T injections, the ewes were checked 
for oestrus at four hourly intervals by introducing a ram to 
the pen and they were recorded as being in oestrus if they 
stood for the ram at two consecutive tests. 	The time of 




EXPERIMENTAL DESIGN FOR TREATMENT OF OVARIECTOMISED 
ANDROGENISED EWES WITH OESTRADIOL-1713 (E 
OR TESTOSTERONE (T) 
Period 
TREATMENT GROUP' 
A B C 
50 ig E2 500 	g E2 5 mg T 1 
2 500 ig E2 5 mg T 50 jig E2 
3 5 mg T 50 p,g E2 500 ug E2 
* Each group contains two D30-80, two D50-100 and two 
control ewes. 
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Detailed behavioural observations were carried out on 
each ewe for two five-minute periods, using the definitions 
given in Section 5.2a. 	Two different trials were condimted. 
as follows: 
Trial One 
Twenty-four to 36 hours after the E2 or T injections, 
each ewe was paired with a ram and the sexual behaviour of 
both animals was recorded. 	One of the six rams was randomly 
assigned to each test so that each ewe was exposed to any one 
ram on only one occasion. 	The behaviour of these six rams 
was also scored with anoestrous ewes on the day before the 
injections. 	No efforts were made to analyse between ram 
variation. 
Trial TiO 
Each ewe was paired with another ewe that was in oestrus 
(teaser ewe) one day before and 24-36 hours after the E 2 and 
T injections. 	The behaviour of the experimental ewe was 
scored, but not that of the teaser ewe. 
In summary, the urination behaviour and sexual behaviour 
of the androgenised and control ewes was observed before and 
after castration. 	Following castration the ewes' sexual 






5.3a Urination Patterns 
Table 5.2 records the types or urination behaviour shown 
by the androgenised ewes. 	All the ewes with either partially 
or completely masculinised external genitalia (D30-80, D50-100 
and D70-120 groups) showed the male pattern of urinatioh, 
whereas the D90-140 ewes did not differ from the controls. 
This pattern of urination persisted after ovarieótomy. 
Whilst the completely masculinised D30-80 ewes were 
urinating, rams often nosed underneath them to scent their 
urine. - 
5.3b Daily Observations of Mounting Behaviour 
Table 5.3 gives the frequency of mounting behaviour 
observed in ewes by daily examination of their briskets. 
The D50-100 and D70-120 ewes showed significantly more 
mounting behaviour than the control ewes. 
5.3c Detailed Field Observations of Sexual Behaviour 
Figure 5.1 shows the combined incidence of behavioural 
events in each group of ewes during the two five-hour series 
of observations. 	In accordance with the daily observations 
a smaller proportion of the D30-80, D50-100 and D70-120 ewes 
displayed oestrus during the detailed observation periods 
than D90-140 or control ewes (Figure 5.1). 	When the 
androgenised ewes showed oestrus, this was accompanied by 
female-like courtship behaviour similar to that seen in the 
139. 
TABLE 5.2 
URINATION PATTERNS OF ANDROGENISED FEMALE LAMBS 









Female Controls 8 Continuous Female 
Male Controls 6 Pulsatile Male 
D30-80 Androgenised 8 Pulsatile • Male 
D50-100 Androgenised 9 Pulsatile Male 
D70-120 Androgenised • .6 Pulsatile Male 
D90-140 Androgenised 5 Continuous Female 
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TABLE 5.3 
THE INCIDENCE-OF MOUNTING BEHAVIOUR IN INTACT ANDROGENISEI 
EWES DEDUCED FROM THE PRESENCE OF RADDLE MARKS ON THEIR 
BRISKETS 	 -. 
D50-100 and D70-120 Frequency Distributions are 
Significantly Different Compared to Controls 
(P <0.01) using the G-Test (Sokal and Rohif, 1969) 
Group n 
The Number of Ewes Marked 
3 times 2 times once 
D30-80 6 0 1 4 
D50-100 7 6 1 0 
D70-120 6 5 1 0 
D90-140 5 0 2 2 




















Masculine and Feminine Sexual Behaviour Displayed by 
Entire Androgenised and Control Ewes during Ten One-hour 
Observations. 





The occurrence of oestrus in the, androgenised ewes did 
not preclude their displaying mounting behaviour. Of the 
ewes androgenised before day 90 which showed oestrus, all 
but one D70-120 ewe also showed mounting behaviour. 
The number of D30-80, D50-100 and D70-120 ewes mounting 
was significantly greater than in the controls (Figure 5.1 
and Table 5.4), which were never seen to mount. 	In the 
D50-100 and D70-120 animals the frequency of mounting was 
significantly greater than in all other groups (Figure 5.2). 
Table 5.4 also shows the percentage of mounts which were 
accompanied by pelvic thrusting. 	In general, mounting 
was preceded by male-like courtship behaviour although this 
was not always so (Figure 5.1). 	Flehmen was displayed by 
two D30-80, six D50-100 and one D70-120 ewes but was not 
seen in any of the D90-140 or control ewes. 
The incidence of aggressive behaviour was. higher in all 
the groups of androgenised ewes than in the controls (Figure 
5.1, Table 5.4). 	The intensity of this behaviour was also 
greater in the D50-100 and D70-120 groups than in the other 
two androgenised groups (Figure 5.3). 	The levels of mounting 
and aggressive behaviour in the androgenised ewes were 
positively correlated (r = 0.68; p <0.01). 
TABLE 5.4 
THE MOUNTING AND AGGRESSIVE BEHAVIOUR OF ANDROGENISED EWES DURING TEN ONE-HOUR FIELD 
OBSERVATIONS 
Group n Number' of Number of % of mounts Number of 
Ewes Ewes which with Pelvic ' 	Ewes showing 
Mounting/10 h showed ' 	Thrusting Aggression 
Pelvic 
Thrusting 
D30-80 6 5** 4* 76 4 
D50-100 7 7** 6* 93 7** 
D70-120 6 6** 4* 	' 65 6** 
D90-140 5 	" 2 1 33 4 
Control 8 0 	, 0 	' 0 2 
* P<O.05 compared to controls, Fisher's exact test 
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FIGURE 5.2 
The Frequency of Mounting Behaviour displayed by Entire 
Androgenised and Control Ewes during Two Series of Five One-
Hour Observations (Means and Ranges) 
The horizontal bars join groups between which statistically 
significant (P<0.05) differences occurred (analysis of variance 























uju-ju 050-100 070-120 090-140 CONTROL 
FIGURE 5.3: 
The Frequency of Aggressive Behaviour displayed by Entire 
Androgenised and Control Ewes during Two Series of Five One-
Hour Observations (Means and Ranges) 
See Figure 5.2 for explanation of horizontal bars. 
146. 
5.3d The Induction of Oestrus in Castrated Ewes 
The number of castrated ewes that displayed oestrus 
following, an injection of'E2 or.T is given in Table 55. 
With the exception of one ewe given 50 ig of E 2 , all the 
control ewes showed oestrus. 	In both groups of androgenised 
ewes the number that showed oestrus in response to E2 or T 
was much lower. 	Some of the androgenised ewes stood for 
the ram at two consecutive teasing periods but they did 
not remain in oestrus until the following day (12 hours later). 
Only one D30-80 ewe and one D50-100 ewe had oestrous periods 
of greater than 12 hours (Table 5.5). 	Both of these ewes 
displayed female-like courtship behaviour that was similar 
to the behaviour of the oestrous control ewes. 
The time from injection to the onset of oestrus was 
always longer in the androgenised ewes than in the controls 
(Table 5.6). 	Statistical analyses were not attempted on 
these data because of the small number of androgenised ewes 
that showed oestrus. 
5.3e The Behaviour of the Rams towards the Castrated Ewes 
The rams showed considerable interest in the androgenised 
ewes although many of these ewes were not in heat. The pro-
portion of tests in which the rams showed investigatory and 
courtship behaviour was similar when the rams were paired with 
control or androgenised ewes (Figure 5.4). 
The frequency of the rams? courtship behaviour, but not 
their investigatory behaviour, increased above the pre-injection 
TABLE 5.5 
THE OCCURRENCE OF OESTRUS IN CASTRATED ANDROGENISED AND CONTROL EWES GIVEN 
A. SINGLE. I.M. INJECTION OF OESTRADIOL-170 (E2) OR TESTOSTERONE (T). 
D30-80 D50-100 CONTROL 
Sheep 50 4g 500 	g 5 m Sheep 50 	ig 500 4g 5 mg Sheep 50 4g 500 4g 5mg 
no E2 . 	E2 T no E2 E2 T no E2 T 
21 (+) 14 (+) + 17 + + + 
22 (+) + + 26 36 + + 
23 (+) (+) 27 37 + -F + 
32 38 42 + + 
45 51 . 43 + -I-. + 
49 + 52 . 44 + + 
(~ ) Duration of oestrus 412 hrs 
+ . 	 11 	11 	'12 hrs. 
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TABLE 5.6 
THE TIME FROM INJECTION OF OESTRADIOL-173 (E2) OR 
TESTOSTERONE (T) TO THE ONSET OF OESTRUS IN 
CASTRATED ANDROGENISED AND CONTROL EWES 
Group Treatment n No. Showing Mean Time from 
heat Injection to 
onset of 
Oestrus (hrs.) 
D30-80 50 p.g E2 6 2 28.0 
500 ig E2 6 2 18.0 
5mgT 6 3 24.0 
TOTAL 18 7 20.4 
D50-100 50 	tg E2 6 1 18.0 
500 	tg E2 6 1 18.0 
5mgT 6 0 - 
TOTAL 18 2 18.0 
Control 50 4g E2 6 5 10.8 
500 ig E2 6 6 11.3 
5mgT 6 6 12.0 
























fl YTfi, r A - 
The Percentage of Trials (Trial 1) in which Rams 
Displayed Various Types of Precopulatory and Copulatory 
Behaviour towards Castrated Androgenised and Control Ewes 
Following E2 or T Injections 
The behaviour of the rams with androgenised ewes is 
compared to their behaviour with controls by Fischer's Exact 










level when the eweswere injected with E2 or T (Figure 5.5). 
This increase in courtship was. only statistically significant 
for the rams paired with the D30-80-ewes. 	The rams made 
more unsuccessful attempts to mount the androgenised ewes 
than the controls (Figure 5.4). 
The rams' behaviour did not vary with the type or dose 
of hormone that the ewes were given (50 p.g E2 vs 500 g E2 
vs T). 
5.3f The Masculine Behaviour of the Castrated Ewes 
Aggressive behaviour of the ewes towards rams was 
quantifo( in Trial 1. 	Aggression was seen in the androgenised 
ewes but never in the controls. 	Before the ewes received 
E2 or T only one D50-100 ewe displayed positive aggression 
towards a ram. 	Following the injections fighting occurred 
in 3/18 trials with the, D30-80 ewes (N.S. compared to pre-
injection level) and 7/18 trials with the D50-100 ewes 
(p <0.01 compared to preinjection). 	Fighting was much more 
prevalent when the rams were introduced to pens of ewes to 
detect oestrus. 	Five of the six D30-80 and all of the D50-100 
ewes fought with the rams during these group encounters. 
There was no difference in the frequency of aggression that 
occurred with either E 2 or P. 
All components of masculine sexual behaviour were observed 
in the androgenised ewes when they were paired with oestrous 
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FIGURE 5.5 
The Frequency of Investigatory (Scenting and Fiehmen) 
and Courtship (Kicking and Nudging) Behaviour that Rams 
Displayed towards Castrated Androgenised and Control Ewes 
Before and After the Ewes had received a Single Injection of 
Oestradjol-1713 or Testosterone. 
Differences between the behaviour of the rams one day 
before and 24-36 hr. after the ewes were injected are compared 
by Students' t-test after transformation of the data to,Ix -+l- 
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behaviour was observed is given in Figure 5.6. 	The control 
ewes never showed any masculine behaviour during these tests. 
The numbers of androgenised ewes that displayed masculine 
courtship behaviour and mounting were significantly increased 
by the E2 and T injections (Figure 5.6). 	The frequency with 
which the androgenised ewes displayed masculine courtship 
behaviour was alo. increased by the injections (Figure 5.7), 
although these differences did not attain statistical signifi-
cance. The frequency with which androgenised ewes mounted 
oestrous ewes was increased by the E2 and T injections but only 
the ewes treated with T showed a statistically significant 
(p <0.05) increase. 	The increase in mounting frequency of 
E2 treated androgenised ewes did not differ statistically from 
the pre-injection mounting frequency of these ewes (Table 5.7). 
The difference in the level of mounting behaviour in ewes 




5.4a Urination Behaviour 
The pattern of urination behaviour in female sheep was 
masculinised by exposure to testosterone as late as day 80 
(Short, 1974), but not after day 90 (present study) of fetal 
life. 
Only those ewes that had completely or partially mascul-
inised external genitalia voided urine in a pulsatile manner, 
and this could be a consequence of androgen-induced development 
153. 
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Masculine Behaviour of Castrated Androgenised and Control 
Ewes: The Percentage of Trials (Trial 2) in which the Ewes 
and Rams showed each Type of Behaviour. 
The levels of statistical significance shown refer to 
comparison of the number of ewes showing masculine behaviour 
shown before and after the test (Fischer's Exact Test). 	There 
was no difference in the levels of behaviour shown after the 






















The Frequency of Masculine Courtship Behaviour in 
Castrated Androgenised Ewes Before and After Stimulation 
with Oestradio1-17 (E2) or Testosterone (T) 
(*P.,< 0.05 by Student's t-test on data transformed to 
TABLE 5.7 
MOUNTING BEHAVIOUR OF CASTRATED ANDROGENISED AND CONTROL EWES AND NORMAL RAMS 
The Frequency of Mounting and the Time to First Mount when Confronted with an Oestrbus 
Ewe. Mounting Frequencies following Injections of either Testosterone (T) or O.estradiol-170 (E2) 
are Compared to Pre-injection Frequencies (Students' T-Test on Data Transformed to ,J-x+ 1). 
Group n Hormone No. Mean Mean Time 
Treatment Mounting Frequency of to First Mount 
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Rams 6 None 6 7.1 10.1 
** P <0.05 compared to preinjection frequency 




of urethral musculature. 	However, the different urination 
postures of the androgenised ewes compared to the controls 
presumably reflect a more fundamental influence of the 
androgen on behaviour. 
It appears that the nervous reflexes involved in urin-
ation are directly influenced by testosterone, and that this 
behavioural system differentiates separately from those 
involved in mating behaviour. 	Thus, a •ewe that was andro- 
genised from day 80 of fetal life showed a masculine urination 
pattern (Short, 1974) but also showed oestrus (see Section 
4.3a). 	Urination posture is also sexually dimorphic in 
dogs, and the bitch will show a male pattern if treated 
with testosterone during fetal or early post-natal life 
(Martins and Valle, 1948; Beach, 1975). 	Beach suggests 
that the sexual dimorphism of urination postures is pre-
dominantly determined post-natally in the dog, but the 
present results have shown that the urination posture of 
sheep is determined by the presence or absence of testosterone 
before day 90 of fetal life. 
5.4b The Sexual Behaviour of Intact Ewes 
From daily examination of the ewes' briskets it was 
apparent that the D50-100 and D70-120 ewes showed more 
mounting behaviour than the ewes, in the other androgenised 
groups and the controls. 	The low level of mounting recorded 
in the control ewes by this method was confirmed by the 
detailed field observations which showed that ewes rarely 
display masculine behaviour (Beach, 1968). 
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Masculine courtship and mating behaviour was displayed 
in the field by ewes that had been exppsed to testosterone 
before day 90 of fetal life. 	This was more prevalent in 
the D50-100 .and D70-120 ewes than in the D30-80 ewes. 	It 
is therefore apparent that brain centres controlling sexual 
behaviour of sheep may be masculinised by exposure to testos-
terone or its metabolites as late as day 70 Of fetal life. 
However, treatments up until day 80 only (D30-80) are less 
effective than those-which are continued after day 80 (D50-100 
and D70-120). 	It has already been shown (Chapter Three) that 
lower levels of testosterone were reaching the female fetuses 
of implanted ewes during late gestation, but these lowered 
amounts may have served to reinforce the effects of the 
implants during earlier periods of fetal development. 	It is 
thus suggested that masculinisation of the sheep's brain is 
caused by androgen acting in two ways. 	Firstly, the androgen 
must be present before day 80 of fetal life if behavioural 
masculinisation is to occur. 	For example, ewes exposed to 
testosterone between days 70-120 of fetal life were masculinjsed 
whereas the sexual behaviour of a ewe that was exposed to 
testosterone from day 80 of fetal life until birth was not 
masculinised (Short, 1974, and Chapter Four). 	Secondly, 
the presence of testosterone after day 80 of fetal life enhances 
the masculinisation process that occurs before day 80. 	For 
example, ewes that were exposed to testosterone between days 
30-80 of fetal life did not show as much masculine behaviour 
during adulthood as did ewes that were androgenised between 
days 50-100 of fetal life. 
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.Although the ewes that were androgenised earlier in 
gestation showed more masculine behaviour than the D90-140 
ewes, these latter animals still displayed more aggressive 
behaviour than the control ewes and also showed some 
mounting behaviour. 	However, these D90-140 ewes also had 
regular oestrous cycles, suggesting that prenatal androgen 
may be able to masculinise behaviour long after the time at 
which it suppresses oestrus. 	These results also suggest 
that masculinisation and defeminisation are two distinct 
processes. 	This has already been suggested following work 
on dogs (Beach et al., 1972; Beach, 1975), hamsters (Payne, 
1976) and ferrets (Baum, 1976). 
The androgenised ewes that showed the greatest amount 
of masculine behaviour (D50-100 and D70-120 ewes) were also 
those that showed the greatest degree of ovulatory failure 
(Chapter Four). 	Although masculinisation and defeminjsatjon 
of the sheep's brain may be distinctly separate mechanisms, 
it appears that the period of fetal life during which the 
brain is maximally sensitive to androgenic differentiation 
issimilar for both of these mechanisms. 	Maternal factors, 
however, prevent an exact definition of a critical period of 
gestation in which defeminisation and masculinjsation 
processes occur (see Chapter Three). 	A study of pre- and 
postnatally androgenised female dogs has suggested that the 
masculine and feminine behavioural potentials are affected 
by androgen at different stages of development (Beach et al,, 
1972). 	Prenatal androgenisation caused dogs to display 
more masculine behaviour in adulthood than postnatally 
androgenised females, whereas the postnatal treatment caused 
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a more severe reduction in dogs' feminine responses than did 
the prenatal treatment. It would be, interesting to investi-
gate the possibility of postnatal androgeñ treatment causing 
permanent behavioural effects in female sheep. 
The percentage of mounts that were accompanied by 
pelvic thrusting was lower in the D70-120 and D90-140 ewes 
than in the other groups of androgenised ewes. 	This may be 
because the D70-120 and D90-104 animals were younger. 	Ram 
lambs have been shown to possess less 'mating technique' 
than older rams (Inkster, 1957; Grubb, 1974). 
5.4c The Aggressive Behaviour of the Ewes 
The aggressive behaviour of the androgenised ewes was 
clearly due to their prenatal masculinisation since aggression 
was rare in the control ewes. 	In the castrated ewes testos- 
terone and oestradiol-17f3 were equally effective in causing 
the androgenised ewes to become aggressive towards a ram. 
This is in contrast to the effects of oestradiol-17P and 
testosterone that have been seen in castrated red deer stags 
(Lincoln, Guiness and Short, 1972; Fletcher and Short, 1974). 
One gram testosterone implants caused increased aggressive 
behaviour in stags (Lincoln et ãl., 1972), whereas 100 mg 
oestradiol-17 implants did not (Fletcher and Short, 1974); 
both hormones were 'effective in causing the stags to rut. 
A strict comparison between the two studies of the red deer 
is not possible because of the different doses of oestradiol-17 
and testosterone that were used, but the possibility remains 
that testosterone is more effective than oestradiol-17 in 
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causing aggressive behaviour in this species. 	Thepresent 
study does not show any indication that this is so in 
masculinised sheep. 
5.4d The Sexual Behaviour of Castrated Ewes 
A 50 g injection of oestradiol-17P was regarded as 
a!physiological dose which induced oestrus in 5/6 controls, 
but only 2/6 D30-80 and 1/6 D50-100 ewes. 	Symons, Cunningham 
and Saba (1973) showed that the same dose of oestradiol-17 
increased the jugular venous concentration of this hormone 
from - 5 pg/ml to 30-70 pg/ml within 30-60 minutes of sub- 
cutaneous injection into castrated ewes. 	This peripheral 
level is considerably lower than the concentration of 
oestradiol-17P found in blood draining from an ovary con-
taining a pre-ovulatory follicle just prior to oestrus 
(Scaramuzzi, Caldwell and Moor, 1970; Bjersing., Hay, 
Kann, Moor, Naftolin, Scaramuzzi, Short and Younglai, 1972; 
Baird, Land, Scaramuzzi and Wheeler, 1976). 	In the normal 
physiological state the peripheral plasma concentration of 
oestradiol-1713 in the ewe is too low to be detected by 
current assay methods. 
Subcutaneous implants of 1 g testosterone which released 
7 mg/day produced plasma testosterone levels in pregnant 
ewes ranging from 2.6 to 27.8 ng/ml (Chapter Three).. 	This 
is the only information available on the plasma level of 
testosterone that is achieved by exogenously administered 
testosterone. 	These plasma testosterone levels were within 
the range of those found in rams (Katangole, Naftolin and 
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Short, 1974; Purvis, Illius and Haynes, 1974; Lincoln, 
1976). 	The 5 mg dose of testosterone that was given to the 
castrated ewes was administered as-an i.m. injectionso 
that comparison between this and the use of subcutaneous 
implants is not strictly valid. 	Comprehensive measure- 
ment of the plasma levels achieved by different methods of 
hormone administration would provide useful information for 
work of this nature. 
The oestradiol-17P or testosterone injections caused 
the castrated control ewes to display oestrus in all but 
one case, whereas a much smaller -proportion of the castrated 
androgenised ewes displayed oestrus following similar treat-
ments. 	A tenfold increase in the injected dose of 
oestradiol-17 failed to increase the number of androgenised 
ewes that showed oestrus, demonstrating that they were 
completely refractory to the oestrous inducing effects of 
the steroid. 	Anoestrous ewes that had been exposed to 
testosterone before day 80 of fetal life also failed to dis-
play oestrus even when given 800 pg 0DB [see Section 43a]. 
When castrated androgenised ewes did show oestrus, the 
time interval from injection to the onset of oestrus was 
longer than in the controls and the duration of their oestrous 
activity was shortened. 	Both of these variables show a linear 
relationship to the dose of oestrogen given to castrated 
ewes (Fletcher and Lindsay, 1971), 50 that the lowered 
oestrous responses of the androgenised ewes probably reflects 
their insensitivity to oestrogen. 
162. 
Following the oestradiol-17P and testosterone injections 
the rams showed an obvious interest in the androgenised ewes 
even though they would not stand to be mated, and regardless 
of the fact that the D30-80 ewes had male external genitalia. 
This was evident in the amount of courtship the rams showed 
and also their attempted mounting of unreceptive ewes. 	The 
steroid injections may have produced pheromones in the andro-
genised ewes so that they were attractive to the ram, but 
not receptive. 	As in the field, the rams often scented the 
end of the penis of the D30-80 ewes, and may have been 
attracted to this region by a pheromone in the ewes' urine. 
Ovariectomy of the androgenised ewes did not completely 
abolish the masculine behaviour of these animals. 	Sodersten 
(1973a) has also shown that ovariectomy of androgenised 
female rats diminishes but does not abolish their masculine 
behaviour. 	The castrated androgenised ewes displayed masculine 
behaviour prior to the administration of oestradiol-17P or 
testosterone, whereas the control ewes did not. 	Although 
the pre-injection tests were conducted after 12 daily 
injections of progesterone it is considered unlikely that 
this hormone could promote masculine behaviour in sheep. 
There are two possible reasons why the castrated androgenised 
ewes showed some masculine behaviour prior to oestrogen or 
androgen stimulation. 	Firstly, the adrenal glands of the 
ewe are known to secrete androgens (Baird, McCracken and 
Goding, 1973) that may have a behavioural significance. 
Secondly, prior learning may have caused these androgenitsed 
ewes to persist in showing male behaviour. 	Rams may continue 
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to copulate for at least a year after post-pubertal cas-
tration (Clegg, Beamer and Bermant, 1969). 
The display of masculine courtship and mating behaviour 
by the androgenised ewes was clearly enhanced by the injection 
of either oestradiol-17P or testosterone. 	This behaviour 
included a complete repetoire of the patterns seen in normal 
rams, although the frequency with which it occurred was 
always lower than in rams. 	These responses to a single 
injection suggest that the masculine behaviour observed in 
these animals prior to ovariectomy was maintained by ovarian 
steroid secretions. 	An increase in the dose of oestradio1-17 
from 50 ig to 500 .ig did not cause any increase in the mascu- 
line behaviour of the androgenised ewes. 	The testosterone 
injection was quantitatively more effective than a pharma-
cological dose of oestradiol-17P but the difference in the 
behavioural responses achieved with each hormone was not 
statistically significant, and it is not possible to state 
with certainty whether testosterone is a more potent inducer 
of male behaviour than oestrogen. 	This possibility warrants 
further investigation. 
In castrated male rats and androgenised females, the 
central effects of androgen are confounded by the peripheral 
action of the hormone. 	In particular, androgen promotes the 
growth of penile spines which may enhance mounting and intro-
mission behaviour (Whalen, 1968; Larsson, Sodersten and 
Beyer, 1973; Sodersten, 1975). 	In the present study the 
display of masculine behaviour was more pronounced in the ewes 
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with partially virilised external genitalia (D50-100) than 
in those with a penis (D30-80). 	This result was consistent 
with the observations on these animals prior to castration 
and suggests. that masculine behaviour does not depend on 
the type of external genitalia that an animal possesses. 
A similar conclusion has been derived from a study of pen-
natally androgenised femal. ferrets (Baum, 1976). 
Aromatisation of androgen by central neuroendocrine 
tissues has been demonstrated in a variety of species 
(Naftolin et al., 1975), suggesting that the central action 
of androgens may be mediated via their conversion to oestrogens. 
In this study injected testosterone may have been converted 
to oestrogens in the brain but aromatisation pathways in the 
sheep have not yet been demonstrated. 	Direct comparison of 
the behavioural effects of oestrogen and testosterone in this 
species must therefore await the quantitation of brain aroma-
tisation pathways. 
A single. injection of oestradiol-173 or testosterone 
was able to cause oestrus in progesterone primed ovariectom- 
ised ewes, yet both hormones also promoted male-like behaviour 
in the prenatally androgenised ewes. 	The qualitative behav- 
ioural response to a single injection of steroid was there-
fore determined during brain development, and not by the type 
of hormone with which the animal was stimulated. This is 
consistent with previous findings in rats (Pfaff and Zigmond, 
1971; Sodersten, 1973a) and hamsters (Johnson, 1975). 	Whereas 
a single injection of testosterone causes oestrus in normal 
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ewes, a series of injections provokes masculine behaviour 
(Johnson et al., 1956), indicating that chronic treatments 
may override the 'brain sex' of an individual. 
The qualitative nature of the behaviour shown by the., 
androgenised ewes was clearly dependent on the presence of 
testosterone or its metabolites during prenatal life. 
5.5 . 	 CHAPTER SUMMARY 
Female offspring of ewes that had been implanted with 
testosterone before day 90 of pregnancy all showed a masculine 
pattern of urination. 	These ewes did not squat when they 
urinated and they voided their urine in pulsatile jets. 
Masculine sexual behaviour was shown by the ewes that 
had been exposed to testosterone during fetal life, but was 
rarely recorded in normal ewes. 	This masculine behaviour 
was most pronounced in ewes that had been androgenised between 
days 50-100 or 70-120 of fetal life. 	The ewes that had been 
exposed to testosterone between days 90-140 of gestation 
showed higher levels of aggressive behaviour than the control 
ewes but did not show significantly higher levels of masculine 
sexual behaviour. 
The masculine behaviour of the androgenised ewes was 
independent of the type of genitalia that they possessed. 
Ewes with partially masculinised external genitalia displayed 
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higher levels of masculine sexual behaviour than the ewes 
that had completely masculinised external genitalia. 
The D30-80, D50-100 and control ewes were bilaterally 
ovariectomised. 	Following progesterone pre-treatment, they 
were given a single injection (i.m.) of either oestradio1-17 
or testosterone and their sexual behaviour was observed. 
Whereas all but one of the controls showed oestrus fol1ow 4.g 
each injection, most of the androgenised ewes failed to 
show oestrus. 	Masculine behaviour was enhanced by 
oestrAdiol-17P and testosterone in the androgenised ewes but 
not in the control ewes. 
It was concluded that prenatal androgen has a masculin-
ising effect on brain centres in the sheep that control 
urination behaviour and also enhance their potential to 
display masculine sexual behaviour. 	Prenatal androgen is 
thus able to both masculinise and de feminise the behavioural 
centres of ewes. 
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CHAPTER SIX 
THE PATTERN OF L 	SECRETION 
IN PRENATALLY ANDROGENISED 
EWES 
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6.1 	 INTRODUCTION 
In this chapter the integrity, of the hypothalamo-
hypophyseal axis in androgenised ewes is considered. 
Numerous studies have shown that the brain function of 
female rats is altered by neonatal androgen (see Section 
1.3) and these alterations have been regarded as processes 
of masculinisation (Gorski, 1973 a;b). 	Prenatal andro- 
genisation of ewes masculinised their behaviour but some 
of these ewes had regular ovulations during the mating 
season (Chapters Four and Five). 	Regular ovulatory cycles 
are hardly compatible with masculine brain function and 
the experiments reported below were carried, out to determine 
whether the brain centres that regulate gonadotrophin 
release differ from those that regulate behaviour in their 
response to prenatal androgen. 
Pituitary LH secretion was monitored by measuring 
peripheral plasma LH concentrations. 	This hormone was 
chosen for the assessment of brain function for two reasons. 
Firstly, pulsatile discharges of LH in sheep may be accurately 
monitored by measuring LH concentrations in peripheral plasma. 
Secondly, the pattern of LH release in sheep is a sexually 
dimorphic character and an inability to display a positive 
feedback response to oestrogen may be regarded as evidence 
of hypothalamic másculinisation (Short, 1974; Karsch and 
Foster, 1975). 
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The following experiments were done: 
Tonic LH secretion was measured during the luteal 
phase of the cycle in control ewes by serial plasma sampling 
and compared to the LH secretion pattern in androgenised 
ewes. 	It was not possible to obtain a reference point 
for the sampling of the androgenised ewes for two reasons; 
some of the androgenised ewes were not ovulating and many 
of those that were ovulating did not show regular overt 
signs of oestrus (Chapter Four). 	Ovarian venous plasma 
was also collected from the ewes on the day following serial 
sampling to measure ovarian steroid secretion. 
The isolation of LH-RH as a decapeptide has enabled 
synthesis of synthetic analogues of this hormone and thus 
provides a valuable tool for the investigation of the hypo-
thalamic control of hypophyseal function. 	Peripheral 
injection of LH-RH will promote an immediate release of LH 
from the sheep's pituitary (Amoss and Guillman, 1970; 
Cumming, Buckmaster, Cerini, Cerini, Chamley and Findlay, 
1972; Haresign et al., 1975). 
The release of LH with 100 pg of LH-RH.is similar in 
magnitude to the preovulatory release in normal ewes (Rippel, 
Moyer, Johnson and Mauer, 1974). 	In the present experiment 
a dose of 100 p.g LH-RH was given to control rams and ewes 
and to androgenised ewes to ascertain whether prenatal 
androgenisation impaired .the capacity of the pituitary to 
release an ovulatory quota of LH. 	Daily plasma samples 
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were taken for progesterone estimation following the LH-RH 
injection to determine whether or not the ewes had ovulated. 
In androgenised ewes that possessed corpora lutea and 
in control ewes, luteal regression was induced with synthetic 
prostaglandin, 16 aryloxyprostaglandin (Baird and Scaramuzzi, 
1975) and the plasma LH levels were measured. 	The integrity 
of the endogenous positive feedback mechanism was thus 
assessed. 
The positive feedback mechanism is functional in 
anoestrous ewes (Symons, Cunningham and Saba, 1973; Nett, 
Akbar and Niswender, 1974; Land, Wheeler and Carr, 1976; 
Martensz et al., 1976). 	The positive feedback effect of 
oestradiol benzoate on LH secretion was measured in andro-
genised and control ewes during anoestrus. 	A comparison 
was also made between the endocrine and behavioural responses 
of these animals, following the oestrogen injection. 
After castration the positive feedback effects of 
oestradiol-17P and testosterone were measured in control 
and androgenised ewes. . 	The sexual behaviour of the ewes 
during this experiment has already been reported in Chapter 
Five; 
171. 
6.2 	TONIC LH'SECRETION'AND OVARIAN STEROID SECRETION 
IN NORMAL AND ANDROGENISED EWES 
6.2a Procedure 
During the mating season (December, 1975) the D30-80 
(n = 6), D50-100 (n 	7) and control (n = 8) ewes were 
serially blood sampled to measure their tonic LH'secretion'. 
The blood sampling was carried out 7-13 days after the 
control ewes had last shown oestrus. 	Indwelling jugular 
venous cannulae were inserted and blood samples were taken 
every 20 minutes for six hours. 
Following assay for plasma LH, a graph of LH concen-
tration versus time was plotted for each animal and the area 
under the graph was cut out and weighed. These paper 
weights thus indicated the amount of LH (  secreted in each 
ewe during the six hour sampling period. 
On the day following the serial blood sampling, all 
the ewes were laparotomised under nembutal anaesthesia. 
Observations made on the ovaries of the ewes at the time 
of laparotomy have already been given in Table 4.5. 	Samples 
of ovarian venous plasma were collected and assayed for 
oestradiol-1713, androstenedione and testosterone. 
6.2b Results. 
The patterns of tonic LH 'secretion' in normal ewes that 
possessed corpora lutea are shown in Figure 6.1. 	The 
pattern of LH 'secretior? in androgenised ewes that possessed 
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Plasma LH Levels in Two Normal Ewes during the Luteal 
Phase of the Oestrous Cycle. 
173. 
corpora lutea at the time of sampling did not differ from 
the pattern in the control ewes (Figure 6.2), but in andro-
genised ewes that did not possess corpora lutea LII secretion 
was clearly elevated (Figure 6.2). 
Between group comparisons of the amount of LH secreted' 
during the sampling period are given in Table 6.1. 	The 
mean 'secretion' rate of LII in the D30-80 and D50-100 ewes 
was significantly greater than that of the controls. 
However, when the'secretion' rate of those androgenised ewes 
that possessed corpora lutea was compared with that of the 
controls there was no significant difference (Table 6.2). 
The anovulatory androgenised ewes had significantly higher 
levels of plasma LH than the ovulatory androgenised ewes 
or the controls (Table 6.2). 
The concentrations of oestradiol-17, androstenedione 
and testosterone in the ovarian venous plasma of control 
and androgenised ewes are given 'in Table 6.3. 	Plasma 
samples were unobtainable from some of. the androgenised 
ewes because their ovaries were very small and the blood 
flow through their ovaries very, poor. 	It must therefore 
be assumed that the steroid secretion rate from these 
ovaries was lower than from the larger more active ovaries 
of the animals that were samples. 	The plasma concentrations 
of the three steroict measured did not differ between the 
control and the androgenised ewes (Table 6.3). 
In one D50-100 ewe that had cystic ovaries (Number 26 
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FIGURE 6.2: 
Plasma LH Levels in Androgenised Ewes in the Presence 
or Absence of Corpora Lutea. 
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TABLE 6.1 
CONTROL EWES: 	BETWEEN-GROUP COMPARISON OF THE AMOUNT OF 
LH SECRETED DURING SIX HOURS 
The amount of LH'secreted'js measured by weighing the paper 
under the graph of plasma LH concentration vs time, and 
expressed as mg paper weight. 
Groip n Number Amount of LH <secreted' 
Ovulating (mg paper weight) 
M ± S.E.M. 
D30-80 6 5 1678 	576* 
D50-100 7 2 4731 ± 1326*** 
Control 8 8 1100 ± 114 
* P <0.05 compared to controls 
*** P <0.001 compared to controls 
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TABLE 6.2 
COMPARISON OF NON-OVULATORY AND OVULATORY ANDROGENISED EWES 
AND NORMAL EWES 
The amount of LII 1secréted' is measured by weighing the paper 
under the graph of plasma LII concentration vs time. 
Group n Amount of LH 
(mg paper weight) 
M ± S.E.M. 
1: 	androgenised ewes with- 
out a corpus luteum 6 5852 ± 1179 
2: 	androgenised ewes with 
a corpus luteum 7 1154 ± 145 
3: 	control ewes with a 





'1 vs 	2 
0 0 	 11 4.28 <0.001 
01  vs 3 12 4.68 <0.001 
2 vs 3 13 0.29 NS 
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TABLE 6.3 
THE CONCENTRATION OF OESTRADIOL-1713, ANDROSTENEDIONE 
AND TESTOSTERONE IN OVARIAN VENOUS PLASMA FROM ANDROGENISED 
AND CONTROL EWES 
Ovary; 	 Steroid concentration in ovarian 
Group 	Sheep No. of 	venous plasma (P.-/Ml) 
C.L. o/dioI-i7 	A/dion4. Testosteron4. or left(L) 
D30-80 	21 R 2 33 556 630 
L 0 226 420 210 
22 R 2 37 483 440 
L 1 33 461 460 
23 R 0 155 185 400 
L 2 128 408 640 
32 L 0 164 500 700 
45 R 3 138 315 430 
L 0 128 132 160 
49 R 0 '265 118 80 
L 2 35 862 - 
M ± SEii 122±24 403±65 415±67 
D50-100 	1 R 3 319 519 370 
L 1 26 476 410 
14 R 0 107 203 500 
L 0 115 230 200 
26 R 0 540 845 290 
La 0 417 879 280 
51 Ra 0 21 34 350 
La 0 221 275 370 
52 R 2 138 702 - 
L 1 87 380 460 
M ± SEM 	 217±51 	454±90 	359±31 
Control 	17 R 2 109 207 280 
L 1 258 265 500 
• 	36 R 1 28 229 80 
L 3 18 280 260 
37 R 2 32 224 550 
L 1 53 190 370 
42 R 1 187 563 470 
L 1 37 249 400 
53 R 2 211 910 570 
L 0 246 303 260 
54 R 1 128 515 340 
L .2 93 1120 440 
M ± SEM 11625 434±95 376±41 
aDenotes cystic ovaries 
No significant differences between groups (Analysis of Variance) 
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Table 6.3) the concentration of oestradiol-1713 and andro-
stenedione in the venous blood from both ovaries appeared 
to be elevated. 	This ewe had failed to show a pulsatile 
pattern of LH release when sampled on the previous day 
(Figure 6.2). 	In another ewe with cystic ovaries (Number 
51) low concentrations of oestradiol-17P and androstenedione 
were measured in the venous plasma from one ovary, whereas 
the blood draining from the other ovary contained . a 'normal' 
amount of these steroids. 	The pattern of LII secretion in 
ewe Number 51 was highly irregular in that discharges of LH 
were much more frequent than seen in normal ewes during the 
luteal phase of the oestrous cycle. 	In ewe Number 32 
(D30-80) blood was obtained from the vein leaving one ovary. 
This ewe had never shown evidence of having ovulated either 
during daily plasma progesterone sampling or at laparotomy 
(Chapter Four), but her ovaries had not developed cystic 
follicles. 	The concentration of steroids in the plasma 
collected from ewe Number 32 did not appear to be abnormal 
(Table 6.3) although she did have an elevated level of 
plasma LH throughout the six hour sampling period (Figure. 
6.2). 	 . 
6.3 	PITUITARY RESPONSIVENESS TO LH-RH IN ANDROGENISED 
AND NORMAL EWES 
6.3a Procedure 
The pituitary responsiveness to LH-RH was studied in 
the D30-80 (n = 6), D50-100 (n = 7) and normal (n = 8) ewes, 
and in normal rams (n = 6) during. March, 1975. 	This was 
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during the latter part of these ewes' first mating season. 
All the ewes were given 12 daily injections (i.m.) of 10 mg 
progesterone in oil. Indwelling jugular venous. cannulae 
were inserted and blood sampling commenced 24 hours after 
the last progesterone injection. 	Samples were taken at 
20 minute intervals for one hour and then approximately 
half of the ewes in each group received a rapid i.v. injection 
of 100 ig of LH-RH in 1 ml of saline. 	The remaining ewes 
received sa)ine alone. 	Following the injection,blood 
samples were collected at 5, 10, 20, 35 ; 50, 65, 80, 95 and 
110 minutes, followed by three samples at 20 minute intervals 
and finally eight samples at half hourly intervals. 	Plasma 
LH concentrations were measured in these samples. 
The magnitude of the pituitary response to LH-RH was 
evaluated by the height of the plasma LH peak and the time 
taken to reach the peak value. The amount of LH released 
during the sampling period was measured by the paper weight 
method previously described. 
Daily blood samples were collected from all the ewes 
from the day following the LH-RH or saline injections until 
the day of their. next oestrus, or for 20 days in the case 
of non-cycling ewes. 	Plasma progesterone. concentrations 
were measured in these samples to ascertain whether or not 
the ewes had ovulated. 
6.3b Results 
Rapid and sustained increases in plasma LH concentrations 
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were measured in all the ewes and rams that were given LH-RH, 
but not in the animals that were given saline (Table 6.4, and 
Figures 6.3 and 6.4). 	The control ewes and androgenised 
ewes did not differ statistically in their responses to 
LH-RB. The rams always showed poorer responses than the 
ewes but a statistical difference was obtained only between 
the rams and the D30-80 ewes. 	The rams' responses were 
more uniform than those measured in the ewes, as indicated 
by the magnitude of the standard errors in Table 6.4. 
Table 6.5 shows the number of ewes in which plasma 
progesterone levels indicated the formation of an active 
corpus luteum, following LH-RH or saline administration. 
In the LH-RH treated controls, the plasma progesterone levels 
rose above 1 ng/ml within 2-6 days, and remained high for 
13-14 days. 	This indicated the secretory activity of one 
or more corpora lutea similar to the pattern found during 
the normal oestrous cycle in these ewes (Chapter Four). 
The LH-RH treated androgenised ewes also showed luteal phase 
levels of progesterone within 1-8 days of the injection, and 
these levels were sustained for 8-14 days. 
In the control ewes that were given saline following 
12 daily injections of progesterone, their plasma progester-
one concentrations rose above 1 ng/ml within 5-7 days of 
their last injection (4-6 days after an i.v. injection of 
saline). 	One of the three D30-80 ewes and-3/4 of the 
D50-100 ewes that were given progesterone and a saline 
injection also showed evidence, of having ovulated. 	The 
TABLE 6.4: 
THE CHARACTERISTICS OF THE LH DISCHARGE WHICH FOLLOWED A SINGLE 
I.V. INJECTION OF LH-RH IN ANDROGENISED AND CONTROL EWES 
Group Treatment n Peak plasma LH conc. 
(ng/ml): 	M .t- S.E.M. 
Time (mins) from 
Injection to peak: 
M ± S.E.M. 
Amount of LH released 
(mg paper weight): 
M ± S.E.M. 
D30-80 LH-RH 3 111.3+ 13.7* 80.0 ± 15.0 60.2 ± 7.1* 
Saline 3 9.9 + 4.9 - 
D50-100 LH-RH 3 116.7 ± 67.8 76.2 ± 19.7 59.9 ± 30.2 
Saline 4 3.1 ± 0. - - 
Control LH-RH 4 85.1 ± 13.3 95.0 ± 6.2 52.9 ± 18.2 
ewes Saline 4 2..3 ± 0.3 - - 
Control LH-RH 3 57.0 ± 11.0 85.0 ± 5.0 30.9 + 3.4 
rams Saline 3 4.6 + 0.7 .- - 
+ Non-significant group differences by analysisof variance 














I 	 -J 
• 4 


















Plasma LH Levels in a Control, a D30-80 and a D50-100 
Ewe Following an Injection of 100 ug LH-RH. 
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FIGURE 6.4: 
Plasma LH Levels in Three Rams given 100 g LH-RH 
The arrows indicate the time of the injections. 
TABLE 6.5 
THE INCIDENCE OF OVULATION IN ANDROGENISED AND CONTROL EWES FOLLOWING AN I.V. 
INJECTION OF 100 Ug OF LH-RH OR SALINE, DETERMINED BY THE MEASUREMENT 
OF PERIPHERAL PLASMA PROGESTERONE CONCENTRATIONS 
Group 
Treatment  
LH-RH  Saline  
D30-80 D50-100 Control D30-80 D50-100 Saline 
n 3 3 4 3 4 .4 
Number ovulating 3 3 4 1 3 4 
Days from injection 
to luteal phase . 3, 	8, 	5 
. 	 . 




12, 	14, 	8 8, 	12, 	8 13 1 	13, 	14, 	13 10 14, 	13, 	12 . 10, 	11, 	14, 	11 
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plasma prog. level 

















two D30-80 ewes and the one D50-100 ewe that failed to 
ovulate following progesterone and saline treatment were 
also ewes that had failed to ovulate earlier in the same 
mating season. 
All the D30-80 ewes that were given LH-RH and subse-
quently ovulated were ewes that had ovulated earlier in 
the same mating season, as determined by daily sampling, of 
plasma progesterone levels (Chapter Four). 	One of the 
D50-100 ewes that ovulated following LH-RH had not pre-
viously shown evidence of Dvulat-ion, whereas the other 
two D50-100 ewes that were given LH-RH had ovulated pre-
viously. 
6.4 MEASUREMENT OF THE PREOVULATORY LH DISCHARGE IN NORMAL 
AND ANDROGENISED EWES FOLLOWING LJJTEAL REGRESSION 
6.4a Procedure 
The pattern of LH secretion following luteal regression 
was measured inD30-80 (n =6), D50-100 (n = 7), D70-120 
(n =' 6), D90-140 (n = 5) and control (n = 8) ewes during 
November, 1975. 
It was not possible to predict the time at which an 
ovulatory LH surge might occur in the'androgenised ewes 
because many of them did not show regular oestrus (Chapter 
Four). 	The preovulatory endocrine changes in the andro- 
genised and control ewes were therefore synchronised by 
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causing simultaneous luteal regression in all the ewes with 
16-aryloxyprostaglandin, a potent luteolysin in sheep 
(Baird and Scaraznuzzi, 1975). 
All the ewes received 12 daily injections (i.m.) of 
10 mg progesterone in oil to synchronise their ovarian 
cycles. 	Thirteen to 15 days after the controls had shown 
their second oestrus following the progesterone treatment, 
the ewes were given 100 ig of 16-aryloxyprostaglandin in 
1 ml of saline as a single i.m. injection. 	At the time 
of injection a single jugular venous blood sample was taken 
to measure plasma progesterone. 	The ewes were then placed 
in pens with a vasectomised raddled ram in each pen. 
Commencing 24 hours after the prostaglandin injection, 
blood samples were taken by jugular venepuncture at four- 
hourly intervals for 16 hours and then at two-hourly inter- 
valsror a further 48 hours. 
for LII. 
These samples were assayed 
Ewes were considered to possess a corpus luteum at 
the time of the prostaglandin injection if the concentration 
of prOgesterone in their venous plasma exceeded 1 ng/ml 
(Chapter Four). 	The ewes that had corpora lutea were 
evaluated for their capacity to display an ovulatory dis- 
charge of LH. 	Tonic LH secretion was taken as the mean 
LII concentration in the first six plasma samples that were 
taken for the measurement of plasma LH. 	An ovulatory LII 
discharge was defined as an elevation in the plasma LII 
concentration that exceeded three times the standard 
187. 
deviation of the mean tonic LII secretion for at least two 
consecutive samples. 	Plasma LH concentrations were plotted 
against time and the aniountof LH secreted during the 
sampling period was determined by weighing the paper under 
the graph. 
6.4b Results 
The plasma progesterone concentrations in the ewes 
at the time of the prostaglandin injection are given, in 
Table 6.6, showing the levels in the ovulatory ewes separate 
from the levels in the non-ovulatory ewes. 	The injection 
reduced the plasma progesterone levels of the ewes with 
corpus luteum to less than 1 ng/ml within 24 hours. 	The 
day of the oestrous cycle on which the injection was given 
could only be calculated for the control, D90-140 ewes and 
two D70-120 ewes that were having regular oestrous cycles. 
During the sampling period oestrous behaviour was only 
observed in some of the ewes that possessed corpora lutea 
at the time of the prostaglandin injection (Table 6.7). 
Ovulatory LH discharges were identified -in all the 
control and D90-140 ewes (Table 6.8). 	In the five D30-80 
ewes that possessed corpora lutea, the height of the LH 
peak and the quantity of LH released was similar to the 
corresponding control values (Table 6.8). ' Only one D50-100 
• ewe showed a significant rise in plasma LH but the peak 
height and the quantity of LH released in this animal was 
less than in the control ewes. 	Two of the three D70-120 
ewes that possessed corpora lutea at the time of injection 
UM 
TABLE 6.6 
PLASMA PROGESTERONE CONCENTRATIONS (RANGES) OF ANDROGENISED 
AND CONTROL EWES AT THE TIME OF AN INJECTION WITH 










0 hrs +24 hrs 
D30-80 with C.L. 5 - 1.5-9.6 0.3-0.8 
without C.L. 1 - 0.6 0.5 
D50-100 with C.L. 3 - 2.4-8.6 0.6-0.7 
without C.L. 4 - 0.4-0.9 0.6-0.8 
D70-120 with C.L. 3 13 (n = 2) 4.0-7.3 0.3-0.8 
without C.L. 3 - 0.2-0.3 ND_NDa 
D90-140 with C.L. 5 13-14 1.4-3.5 0.3-0.9 
Control with C.L. 8 13-15 1.1-6.9 ND-0.5 
a ND = Non detectable (<0.25 ng/ml) 
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TABLE 6.7 
THE OCCURRENCE OF OESTRUS IN ANDROGENISED AND CONTROL EWES 
FOLLOWING AN INJECTION OF 16-ARYLOXYPROSTAGLANDIN 
Group Number of Ewes Number of Ewes 
with a corpus showing oestrus 
luteüm 
D30-80 5 2 
D50-100 3 2 
D70-120 3 1 
D90-140 5 5 
Control 8 7 
TABLE 6.8: THE CHARACTERISTICS OF THE OVULATORY DISCHARGE OF LUTEINIZING HORMONE IN 
ANDROGENISED AND CONTROL EWES FOLLOWING AN INJECTION OF 
16 ARYLOXY PROSTAGLANDIN 









Amount of LH 
released 
(mg/paper wt) 
Time in Hours (M ± S.E.M.) 
injection injection onset of 
at injection ovulatory LH peak N ± S.E.M. to Lii peak to the oestrus to 
LH (ng/ml) onset of LH peak 
discharge M ± S.E.M. oestrus 
D30-80 5 5 85.2 . 	12.8 161.4 .- 	20.5 68.8 - 	2.1 46.0 (n=2) 29.0 (n=2) 
D50-100 3 1 40.3 119.0 86.0 44.0 38.0 
D70-120 3 2 133.2 192.0 54.0 48.0 (n=1) 6.0 (n=1) 
D90-140 5 5 186.3 ± 2.7 252.2 ± 26.1 48.0 	- 	1.5 44.8 	- 1.2 8.0 ± 2.0 




showed LH peaks of a comparable magnitude to the controls 
(Table 6.8). 	Statistical tests were not applied to these 
data because of the small number of ewes showing an ovulatory 
discharge in some groups. 	Figure 6.5 shows the typical 
responses obtained in animals from each of the groups in 
the experiment. 
In cases where the D30-80 and D50-100 androgenised 
ewes displayed oestrus, the time interval from the onset 
of oestrus to the LH peak was longer than in the control 
ewes. 	The time from the onset of oestrus to the LH peak 
in the D70-120 and D90-140 ewes was similar to that in the 
controls (Table 6.8 and Figure 6.4). 	One D50-100 ewe that 
possessed corpus luteum at the time of the prostaglandin 
injection displayed oestrus but did not show any significant 
elevation in plasma LII concentration during the sampling 
period. 
Figure 6.6 gives examples of the plasma LH profiles 
in two ewes that did not show an ovulatory surge in LH 
secretion during the sampling period. 
6.5 THE BEHAVIOURAL AND ENDOCRINE RESPONSES OF ANDROGENISED 
AND NORMAL EWES TO AN INJECTION OF OESTRADIOL 
BENZOATE (0DB) DURING ANOESTRUS 
6.5a Procedure 
During anoestrus (May, 1975) the D30-80 ( n = 6), 
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FIGURE 6.5: 
Plasma LH Levels in a Control Ewe and in Androgenised 
Ewes following Luteal Regression with a Single Injection of 
16-Aryloxyprostagi andin 
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FIGURE 6.6: 
Plasma LH Levels in Three Androgenised Ewes following 
an Injection of 16-Aryloxyprostaglandin. 




pens and given 12 daily injections (i.m.) of 10 mg proges- 
terone in oil. 	Twenty-four hours after the last proges- 
terone injection all the ewes received a single injection 
(i.m.) of 50 p.g oestradiol benzoate (0DB) in oil. 	From 
the time of the 0DB injection blood samples were collected 
by jugular venepuncture at two or four hourly intervals 
for 36hours and plasma LII concentrations were measured in 
these samples. 
A vasectomised ram was introduced to the ewes at 
four hourly intervals to detect oestrus. 	On the day 
following the 0DB injection each ewe was also paired with 
an oestrous ewe and the masculine behaviour of the experi-
mental subjects was scored as previously described (see 
Section 5.2b; Test 2). 
6.5b Results 
Four of the eight control ewes showed oestrus, whereas 
none of the androgenised ewes did so. 	Two of the D30-80 
ewes and one D50-100 ewe showed mounting behaviour with an 
oestrous ewe (Table 6.9). 
All the control ewes showed a marked elevation in 
their plasma LH concentrations within 36 hours of the 0DB 
injection, with levels rising from less than 2 ng/ml to 
53.3-136.9 ng/ml (M ± S.E.M. = 65.5; Table 6.9). 	Two 
D30-80 ewes and one D50-100 ewe also showed a small but 
significant elevation in plasma LH concentrations (Table 6.9). 
TABLE 6.9 
THE BEHAVIOURAL RESPONSES AND LH CONCENTRATIONS IN ANDROGENISED AND NORMAL EWES 
GIVEN AN INJECTION OF 50 jig OF OESTRADIOL BENZOATE DURING SUMMER. ANOESTRUS 
• 	Group n 	• Number of Ewes Showing: Peak plasma LH 
concentrations 
(ng/ml) N ± S.E.M. 
Time from 
injection to LH 
peak (hours) 
Oestrus • Mounting Positive N ± S.E.M. 
• • Feedback • 
D30-80 6 0 	• 2 • 	 2 • 	 78.2 22 
D50-100 7 	- 0 1 1 17.6 18 
Control 8 4 	• 0 8 65.5 i  10.6 27.7 ± 2.5 
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No consistent elevations were noticed in the remaining 
androgenised ewes. 	Figure 6.7 shows the plasma LH levels 
in those ewes that displayed a positive feedback response 
to 0DB. 
The three androgenised ewes that displayed mounting 
behaviour were the same ewes that showed a positive feed-
back response to the 0DB injection. 
6.6 THE SECRETION OF LH IN CASTRATED ANDROGENISED AND 
CONTROL EWES FOLLOWING A SINGLE INJECTION OF 
OESTRADIOL-173 (E 2 ) OR TESTOSTERONE (T) 
DURING THE MATING SEASON 
6.6a Procedure 
The design of this experiment has been, given in 
Section 5.2b and is summarised in Table 5.1. 	Control 
(n = 6), D30-80 (n = 6) and D50-100 (n = 6) ewes were 
ovariectomised and allowed one month to recover. 	All 	the 
ewes were then treated during three experimental periods 
(January - February, 1976). 	At each period they were 
given 10 daily injections (s.c.) of 10 mg progesterone in 
oil and then they received either 50 4g oestradiol-1713 (50 
(50 E2), 500 p.g oestradiol-17 (500 E2) or 5 mg testosterone 
(5 T) (i.m. in oil), 48 hours after the last progesterone 
injection. 	Thus, two animals from each group were given 
the same dose of E2 or T at each treatment period. 
Blood samples were collected from the ewes by jugular 
venepuncture at four hourly intervals from 12 hours before 
197. 
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FIGURE 6.7: 
Positive Feedback Responses in Control and Androgenised 
Ewes following an Injection of 50 ug Oestradiol Benzoate 
During Anoestrus 
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the E2 and T injections until 44 hours after the injections. 
Plasma LII concentrations were measured in these samples. 
The mean pre-injection level of plasma LH (four samples) 
was calculated for each ewe. 	The negative and positive 
feedback effects of the steroid injections were then 
assessed by respectively calculating the % depression and 
the % elevation of the plasma LH levels compared to the 
mean pre-injection levels. 
6.6b Results 
The mean plasma LII levels in the D30-80, D50-100 
and control ewes following injection of E2 or T are shown 
in Figures 6.8, 6.9 and 6.10. 	The plasma LII concentration 
was significantly depressed in all the ewes within four 
hours of an injection of E2 or T. 	The % depression below 
the mean pre-injection level was similar in all the ewes 
and did not depend upon the type or dose of hormone 
administered (Table 6.10). 
The mean (± S.E.M.) percentage increase in plasma LH 
levels that were measured in the androgenised and control 
ewes following the E2 and T injections are given in Table 
6.11. 	The D50-100 ewes showed significantly lower per- 
centage increases in their plasma LH levels than the D30-80 
and control ewes, but the mean response of the D30-80 ewes 
did not differ from the control responses (Table 6.11). 
However, not all the androgenised ewes showed plasma levels 
exceeding three standard deviations of the pre-injection 
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FIGURE 6.8: 
Mean Plasma LH Levels in Castrated Control and Andro-
genised Ewes that received a Single Injection (i.m.) of 
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FIGURE 6.9: 
Mean Plasma LH Levels in Castrated Control and Andro-
genised Ewes that received a Single Injection (i.m.) of 
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FIGURE 6.10: 
Mean Plasma LH Levels in Castrated Control and Andro-
genised Ewes that received a Single Injection (i.m.) of 
5 mg Testosterone (T) 
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TABLE 6.10 
THE NEGATIVE FEEDBACK EFFECT OF A SINGLE INJECTION 
OF OESTRADIOL-17 (E2) OR TESTOSTERONE (T) 
ON LH SECRETION IN CASTRATED ANDROGENISED 
AND CONTROL EWES 
Type and dose Pre-inj. plasma Minimum post-injection 
Group n of hormone LH conc.(ng/ml); plasma LII concentration 
N ± SEN ng/ml; 	% of pre-inj. 
N ± SEN. level; N ± SEN 
6 50 	g E2 9.1 	± 2.4 1.7 ± 0.7 24.5 ± 11.7 
D30-80 6 500 . ~Lg E2 8.1 	± 2.1 1.3 ± 0.2 19.3 ± 2.7 
6 5 mg T 7.5 ± 2.0 1.3 ± 0.3 18.5 ± 3.3 
TOTAL 18 E2 + T 8.0 ± 1.2 1.4 ± 0.2 20.7 ± 3.9 
6 50 	g E2 12.4 ± 1.7 2.9 ± 0.4 23.9 ± 2,3 
D50-100 6 500 E 12.4 ± 1.9 3.5 ± 0.7 29.0 ± 3.5 
6 5mgT 18.0±3.9 3.4±0.5 23.6±4.9 
TOTAL 18 E2 + T 14.3 ± 1.6 3.3 ± 0.3 25.5 ± 2.1 
6 50 tg E2 9.9 ± 1.6 2.0 ± 0.4 20.9 ± 3.0 
Control 6 500 Iig E2 10.1 	± 1.9 3.2 ± 1.0 30.6 ± 5.8 
6 5 mg T 10.4 ± 2.5 2.8 ± 1.0 20.8 ±4.9 
TOTAL 18 E2 + P 10.1 	± 1.1 2.7 ± 0.5 24.1 	± 2.8 
'.. '., 
TABLE 6. 11 
THE POSITIVE FEEDBACK EFFECT OF A SINGLE INJECTION 
OF OESTRADIOL-173 (E2) OR TESTOSTERONE (T)_ 
ON LH SECRETION IN CASTRATED ANDROGENISED 
AND CONTROL EWES 
Group n Type and dose Maximum post-injection 
of hormone plasma LH concentration 
ng/ml % of pre- • 
M+ S.E.M. injection 
• level 
M ± S.E.M. 
D30-80 • 	6 - 	• 	50 ig E2 	• 27.5 ± 6.7 323 ± 48 
.6 500 tig E2 • 29.0 ± 6.7 414 ± 79 
6 5mgT 21.9+4.3. 343±69 
TOTAL 18 	• E2+T. 26.3±3.4 360±37 
D50-100 • 	6 50ig E2 35.0 ± 5.4 294 ± 40 
6 500 g E2 33.3 ± 8.1 268 ± 48 
6 5mgT 33.7+4.3 224±43 
TOTAL 18 	• 	• E2 + T 34.3 ± 3.3 262 ± 25* 
Control 6 . 	.50 g E2 39.2 ± 4.2 434 ± 64 
6 500 p.g E2 46.9 ± 9.3 581 • ± 167 
6 • 	 5mgT ' 42.7±4.6 530±118 
TOTAL 18 E2.+ T '  42.9 ± 3.6 515 ± 69 
* P <0.05 compared to the controls 
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TABLE 6.12 
THE NUMBER OF EWES IN WHICH PLASMA LEVELS OF LH 
ROSE ABOVE THREE STANDARD DEVIATIONS 
FROM THE MEAN PRE-INJECTION LEVEL FOLLOWING 
A SINGLE INJECTION OF OESTRADIOL-17 (E2) 
OR TESTOSTERONE (T) 






D30-80 50 	g.E2 6 4 
500 4gE2 6 6 
5mgT 6 5 
D50-100 50 pg E2 6 6 
50049E2 6 6 
5rngT 6 5 
Control 50 ig E2 6 6 
49 E2 6 6 
5mgT 6 6 
no significant differences by Fischer's Exact test 
205. 
back responses of the ewes were independent of the type or 
dose of hormone that they received. 	Furthermore, the time 
from the injection to the LH peak was similar in all the 
ewes, being independent of treatment group, type or dose 




6.7a Tonic LH Secretion and Ovarian Steroid Secretion in 
Androgenised and Control Ewes. 
Anovulatory androgenised ewes without a corpus luteum 
secreted more LH than animals with a corpus luteum. 	These 
results indicate that the secretions from the corpus luteum 
may have a negative effect on pituitary LH secretion in the 
ewe. 	Since the major secretory product of the ovine corpus 
luteum is progesterone (Short, McDonald and Rowson, 1963; 
Baird, Collett, Fraser, Kelly, Land and Wheeler, 1973), it 
is tempting to suggest that this hormone is involved in 
modulating LH secretion. 
Subcutaneous implants of progesterone caused a dramatic 
reduction in the plasma LII levels of immature ewes (Foster 
and Karsch, 1976). 	However, the plasma LH concentrations 
of immature ewes are higher than those in dioestrous ewes 
(Foster, Jaffe and Niswender, 1975), and the physiological 
significance of the results obtained by Foster and Karsch 
(1976) is not yet clear. 
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TABLE 6.13 
THE MEAN TIME AFTER INJECTION AT WHICH MAXIMUM PLASMA 
LH LEVELS WERE RECORDED IN CASTRATED ANDROGENISED 
AND NORMAL EWES FOLLOWING A SINGLE INJECTION 
OF OESTRADIOL-17 (E2) OR TESTOSTERONE (T) 
Group Treatment n Time of maximum 
plasma LH concen- 
tration 
• 	
• Mean (range) 
D30-80 50 pg E2 6 18.7 (16-24) 
500 ig E2 6 21.3 (20-24) 
5 mg T 6 24.0 (20-36) 
D50-100 50 igE2 6 19.3 (16-24) 
500 ig E2 6 21.3 (16-24) 
5 mg T 6 24.0 (20-40) 
Control 50 p.g E2 • 	 6 19.3 (16-24) 
• 500 p.g E2 6 22.7 (20-28) 
5mg T 6 22.7 (16-24) 
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Tonic plasma LH levels rise in ewes following luteal 
regression, but LH secretion at this time may be inhibited 
by a subcutaneous implant of progesterone (Baird and 
Scaramuzzi, 1976). 	It is suggested by these authors that 
progesterone acts synergistically with oestrogen to cause 
a negative feedback effect on LH. secretion. 	Progesterone 
inhibits the positive feedback action of oestrogen on LH 
secretion in the ewe (Scaramuzzi, Tilison, Thorneycroft 
and Caldwell, 1971). 
The concentration of oestradiól-17, androstenedione 
and testosterone in ovarian venous plasma of the androgenised 
ewes was within the normal range when these figuresare 
compared to those obtained from control ewes. 	However, 
these results are biased since samples were not collected 
from some of the androgenised ewes that had small ovaries 
and poor ovarian venous drainage. 
The concentration of steroids in the ovarian vein does 
not indicate the total steroid output of the ovary if the 
rate of venous blood flow is not taken into account. 	Never- 
theless, the present data do show that the ovaries of 
androgenised ewes are capable of synthesising and secreting 
steroids in the same manner as the ovaries of normal ewes. 
Elevation of the plasma LH concentrations in non-ovulatory 
androgenised ewes was thus unlikely to be the result of 
steroidogenic incompetence in the ovaries of these ewes. 
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6.7b The Release of an Ovulatory Quota of LH by an Intra- 
venous Injection of LH-RH in Androgenised and Control 
Ewes 
The responses that were obtained in the androgenised 
and control ewes to 100 g LH-RH were similar to those 
reported by Reeves, Arimura, Schally, Kragt, Beck and 
Casey (1972), Rippel et al. (1974) and Haresign et al. (1975). 
Pituitary responsiveness to LH-RH depends upon the level of 
circulating oestrogen and the stage of the oestrous cycle 
(Reeves, Arimura and Schally, 1971 a;b) but not upon the 
level of plasma progesterone (Cumming et al., 1972). 	In 
the present study the factors affecting the responses to 
LH-RH were minimised by pre-treating the ewes with proges-
terone. 
All the androgenised ewes that received LH-RH showed 
a rapid release of pituitary LH similar to the pattern of 
release in the control ewes. 	As no similar discharges of 
LH were seen in the androgenised ewes that were given a saline 
injection, it was apparent that the responses of the LH-RH 
treated ewes were primarily the result of the injection of 
releasing hormone. 
Although this experiment suggests that females may 
show a greater response to LH-RH than males, these results 
should be evaluated with care. 	Using castrated rats, 
Barraclough and Turgeon (1975) have shown that there is no 
difference between the sexes in their pituitary responses 
to LH-RH. 	However, responses following testosterone 
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propionate therapy were lower in the castrates of both 
sexes than their responses following oestradiol-17P therapy. 
It is therefore likely that the pituitary responses that 
were seen in rams given LH-.RH were lower than those seen 
in ewes because of the different hormonal conditions in 
the opposite sexes. 	Testosterone causes reduced pituitary 
sensitivity to LH-RH in rams (Pelletier, 1974; Galloway, 
Cotta, Pelletier and Terqui, 1974), whereas oestrogen may 
enhance pituitary sensitivity in ewes (Reeves, Arimura and 
Schally, 1971 a). 	The hormonal conditions under which the 
animals of this experiment were treated may therefore pro-
vide some explanation of the results. 
The 100 p.g dose of LH-RH used might be regarded as 
pharmacological since as little as 50 ng LH-RH will cause 
a significant increase in plasma LH levels of rams (G.A. 
Lincoln, pers. comm.). 	However, it was considered that 
at least 100 p.g was required to cause an LH peak similar to 
the preovulatory peak in normal females (Rippel et al., 1974). 
Pituitary responsiveness to LH-RH is probably best tested 
by considering dose response relationships and establishing 
the median effective dose, under different conditions. 
In this way males, females and androgenised females.could 
be compared more thoroughly. 
All the androgenised and control ewes that were given 
LH-RH also showed evidence of having ovulated following the 
treatment, although the period of luteal phase activity 
appeared shorter than normal in one of the D30-80 ewes and 
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two of the D50-100 ewes (see Table 4.4). 	The reason for 
these shortened luteal phases is unclear since all three of 
these ewes had ovulated normally during their first mating 
season (Chapter Four). 	Intravenous administration of LH-RH 
to anoestrous ewes causes ovulation but normal luteal 
function does not necessarily result, possibly because of 
a lack of luteotrophic stimulation at this time of the 
year (Haresign et al., 1975). 	However, a similar explan- 
ation for the shortened luteal phases in three of the 
LH-RH treated androgenised ewes of this study is not tenable 
since 4/7 of the androgenised ewes that were given proges-
terone and a saline injection ovulated and had normal luteal 
phase lengths. 
The two D30-80 ewes that did not ovulate following 
progesterone and saline treatment were animals that had 
also failed to ovulate during their first mating season. 
One similarly treated D50-100 ewe also showed no evidence 
of having ovulated but this ewe had ovulated during her 
first mating season, as determined by daily sampling of 
plasma progesterone levels (Chapter Four). 	It is likely 
that this D50-100 ewe had stopped ovulating between the two 
experiments. 	The results of the present study show that 
progesterone therapy alone is insufficient to induce ovulation 
in ánovulatory androgenised ewes. 
In female rats that were given a low dose of testos-
terone propionate (10 	on day 2-3 of neonatal life, the 
release of LH could be provoked by electrochemical stimulation 
of the basal forebrain or by LH-RH administration (Menn.in 
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et al., 1974; Kubo, Mennin and Gorski, 1975). 	The results 
of these workers are at variance with those obtained by 
Barraclough and Turgeon (1975), who showed that ovariec-
tomised female rats that had been given 1.25 mg testosterone 
propionate on day five of life released less LH than 
castrated male and female rats. 	The difference in the 
results obtained in these separate laboratories may be 
explained by the different doses employed to androgenise 
female rats in the neonatal period. 	The 1.25 mg dose used 
by Barraclough and Turgeon (1975) does not simply masculinise 
the female brain, since their androgenised females showed 
a different pattern of response to LH-RH than normal males 
and the. results of Mennin et al. (1974) are probably more 
meaningful because of the lower androgenising dose of 
testosterone propionate that they used. 	The results of 
the present study agree with those-of Mennin et al. (1974) 
in that androgenised ewes showed a normal discharge of LH 
following an injection of LH-RH. 
Mennin et al. (1974) and Barraclough and Turgeon (1975) 
agree that the ovaries of androgen sterilised female rats 
require a greater gonadotrophic stimulus than the ovaries 
of normal rats to produce ovulation. 	The possibility that 
prenatally androgenised ewes display the same ovarian 
insensitivity to gonadotrophin could be tested by giving 
the ewes graded amounts of gonadotrophin during anoestrus 
and monitoring their ovarian responses. 
In summary, the pituitary function of ewes did not 
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appear to be affected by prenatal exposure to testosterone 
and, given the appropriate stimulus, the pituitaries of 
androgenised ewes released ovulatory amounts of LH. 
Furthermore, the ovaries of prenatally androgenised ewes 
retained their capacity to ovulate when a gonadotrophic 
stimulus was provided. 
6.7c Luteinising Hormone Secretion Following Luteal 
Regression in Androgenised and Control Ewes 
The synthetic prostaglandin F2a analogue, 16-aryloxy-
prostaglandin, is an effective luteolytic agent which 
lowers ovarian progesterone secretion, and enhances oestrogen 
secretion (Baird and Scaramuzzi, 1975). 	This drug thus 
initiates the chain of endocrine changes which culminates 
in ovulation and therefore provides a model for examination 
of preovulatory events. 	It was known that some of the 
androgenised ewes would not have corpus luteum at the time 
of the prostaglandin injection, but these ewes could not 
be excluded from the experiment without examination of 
their ovaries. 
Daily measurement of plasma progesterone had previously 
shown that 7/9 D50-100 and 5/6 D70-120 ewes were ovulating 
(Chapter Four). 	A lower number of ewes in these groups 
had corpus luteum at the time of prostaglandin analogue 
injection, and this reduced the efficiency of the experi-
mental approach. 
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The ovulatory LH discharges that were measured in the 
control ewes were quantitatively similar to the rise at 
oestrus that has been reported by other workers (Goding, 
et al... 1969; Scaramuzzi, Caidwel]. and Moor, 1970; Wheatley 
and Radford, 1969; Nett et al., 1974). 	Apart from the 
one D50-100 ewe which had a lesser response, the LII surges 
identified in other androgenised ewes were comparable to 
the controls. 
Failure to display an LH discharge following luteal 
regression may be a consequence of inadequate ovarian 
oestrogen secretion, a delay in the LH discharge, or an 
inability of the hypothalamus to respond to the increased 
ovarian oestrogen secretion. 	The two D30-80 ewes and one 
D50-100 ewe in which oestrus accompanied an LH discharge 
had extended time intervals between the onset of oestrus 
and the LII discharge (Table 6.3). 	Oestrogen is the primary 
oestrjis inducing hormone in the ewe (Robinson, 1959), and 
the results show that the onset of oestrus in androgenised 
ewes occurred at a similar time to the controls. 	This 
suggests that ovarian oestrogen secretion increased at 
similar times in control and androgenised ewes. 	The delay. 
in the rise of plasma LH levels was therefore most likely 
due to a latency in the response of the hypothalamo-pituitary 
Axis to oestrogen. 	This agrees, with results in rats where 
the hypothalami of androgenised. females bound less oestrogen 
than female controls (Flerk ', Mess and Illei-Donhoffer, 1969; 
McEwan and Pfaff, 1970; Vertes and King, 1971), and were 
therefore regarded as less sensitive to oestrogen. 
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The time interval between an injection of oestrogen 
and an LII discharge has been found to differ between breeds 
of lambs (Thimonier, Pelletier and Land, 1972) and Land, 
Pelletier, Thimonier and Maulon (1973) have hypothesised 
that breed differences in the interval between the onset of 
oestrus and the ovulatory discharge of LH reflected variation 
in the oestrogen sensitivities of the neural components 
controlling LH release. 	Following an oestrogen injection, 
Scottish Blackface ewes showed a shorter time interval 
between the onset of oestrus and the LH peak than did Finn 
ewes (Land, Wheeler and Carr, 1976), and these authors thus 
concluded that the Blackface sheep were more sensitive to 
oestrogen. 	In the context of the present study, the work 
of Land and his colleagues supports the belief that the 
extended interval between ICI 80,996 injection and the LII 
peak in androgenised ewes was due to a lowered hypothalamic 
sensitivity to oestrogen in these ewes. 
6.7d The Secretion of LII and the Sexual Behaviour in 
Androgenised and Control Ewes following an Injection 
of Oestradiol Benzoate during Anoestrus 
Positive feedback responses to 0DB were seen in all 
the control ewes but in only 2/6 D30-80 and 1/7 D50-100 ewes. 
Furthermore, the response in one of the D50-100 ewes was 
lower than the responses of the control ewes. 	These 
results suggested that the androgenised ewes had a lower 
sensitivity to oestrogen at this time o f the year than the 
control ewes. 
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During anoestrus both oestrous and endocrine responses 
of ewes to oestrogen are lower than in the mating season 
(McDonald and Raeside, 1959; Gibson and Robinson, 1971; 
Land et al., 1976). 	It has been suggested that andro- 
genised ewes may have an inherently reduced sensitivity to 
oestrogen during the mating season (see Section 6.8c).-
During anoestrus, a seasonal oestrogen insensitivity would 
be superimposed upon the androgenised ewe's inherent in-
sensitivity, explaining why these sheep showed a poorer 
anoestrous response to oestrogen than the control ewes. 
Only one half of the control ewes displayed oestrus 
following the 0DB injection, confirming earlier work showing 
that ewes become refractory to the behavioural effects of 
oestrogen at this time of the year (Gibson and Robinson, 
1971; Beck and Reeves, 1973). 	The mounting behaviour 
of three androgenised ewes that were given 0DB during 
anoestrus showed that these ewes were more likely to 
display male behaviour than female behaviour when given 
a single injection of oestrogen. 	These three sheep were 
also the only andrôgenised ewe's that showed a positive feed-
back response to 0DB, reinforcing the belief that the 
brain centres that govern sexual behaviour most probably 
operate independently of the mechanisms that control 
gonadotrophin release. 
216. 
6.7e The Pattern of LH Release in Castrated Androgenised 
and Control Ewes following a Single Injection of 
Oestradiol-173 (En) orTestosterone (T) 
The pattern of LH release in the castrated control 
ewes following an injection of oestradiol-17P or testosterone 
was similar to that described by other workers following 
an injection of oestrogen (Scaramuzzi et al., 1971; Symons 
et al., 1973" 	et al., 1976). 	Although a single 
injection of testosterone has been shown to cause ovulation 
in anoestrous ewes (Radford and Wallace, 1971) and induce 
oestrus in castrated ewes (Lindsay and Robinson, 1961; 1964), 
the pattern of LH secretion following an injection of 
testosterone has not previously been described. 	At the dose 
rates employed in the present study, testosterone elicited 
a similar response to oestradiol-1713 in the control ewes. 
The behavioural and endocrine role of androgens in the 
ewe is not thoroughly understood in spite of the fact that 
testosterone and androstenedione have been identified as 
major secretory products of the ewe's ovary (Baird et al., 
1973; Baird et al., 1976; also see Table 6.3). 	Further- 
more, the pro-oestrous rise in oestradiol-17f3 from the ovary 
is accompanied by a rise in androgen secretion (Baird et al., 
1976 ). 	Androgens also appear to play an important role 
in negative feedback, thereby modulating tonic LH release 
(Martensz et al., 1976; Martensz, pers. comm.), and andro-
stenedione may act in synergism with oestradiol-17 to 
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facilitate positive feedback in the ewe (Van Look and 
Scaramuzzi, unpublished data). 	It is possible that 
ovarian androgens act as precursors for oestrogen synthesis 
in the ewe's brain, or they may exert a specific effect 
per Se. 	Clarification of the role of androgens in ewes 
must await more detailed information of brain steroid 
metabolism in this species. 
The patterns of LH secretion in the castrated andro-
genised ewes following the progesterone + óestradiol-17 
or progesterone + testosterone treatments were essentially 
feminine. 	However, the responses in the D50-100 ewes 
were significantly lower than in the control ewes and some 
of the ewes from both the D30-80 and the D50-100 groups 
failed to display an elevation in plasma LII concentration 
that exceeded three times the standard deviation of their 
pre-injection level. 	All the control ewes showed an- 
elevation in plasma LH concentration that exceeded three 
times the standard deviation of their pre-injection level. 
In essence, the castrated androgenised ewes showed feminine 
responses to oestradiol-173 and testosterone during the. 
mating season but their responses were not as great as in 
the castrated.. controls. 	The effect of prenatal androgen 
on brain centres controlling gonadotrophin secretion should 
thus be viewed in quantitative terms rather than qualitative 
(masculine vs feminine) terms. 	Prenatal androgenisatlon 
of the female brain may cause a reduced responsiveness to 
steroids but does not abolish the capacity to-display posi-
tive feedback. 	The anovulatory condition in entire andro- 
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genised ewes (Chapter Four) may therefore have been due to 
their reduced sensitivity to oestrogen rather than másculin-
isation (failure of the capacity to display 'positive feed-
back) of their gonadotrophin releasing centres. 	In support 
of this argument, a greater number of D50-100 ewes were 
anovulatory prior to castration than were the D30-80 ewes and 
following castration, the D50-lbO ewes showed lower positive 
feedback responses than the D30-80 ewes. 
6.8 	 CHAPTER SUMMARY 
The tonic plasma LH levels in anovulatory androgenised 
ewes were elevated above the levels in their ovulatory counter-
parts and the control ewes, and it is suggested that the 
absence of secretory products of the corpus luteum was 
responsible for the elevated plasma LH levels in the 
anovulatory androgenised ewes. 
Androgenised ewes showed a normal response to pharma-
cological doses of LH-RH, compared to the responses of 
control ewes, suggesting that androgenisation does not affect 
the pituitary gland's capability to release an ovulatory 
amount of LH. 	In all the androgenised ewes that were given 
LH-RH, their plasma progesterone levels following the treat-
ment were indicative of the formation of an active corpus 
luteum. The pituitary response to LH-RH in normal rams 
was quantitatively lower than in the ewes but a statistical 
difference was only obtained when the D30-80 ewes and rams 
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were compared. 
Following luteal regression during the mating season, 
a normal pre-ovulatory LH surge was measured in the plasma 
of all of the D30-80, D70-120 and D90-140 androgenised ewes 
and in the controls. 	One of the three D50-100 ewes that 
possessed corpora lutea also displayed an elevation in LH 
secretion following luteal regression, although this res-
ponse was lower than in the control ewes. 
Whereas all the control ewes displayed positive feed-
back to 0DB during anoestrus, a similar response was only 
seen in 2/6 D30-80 and 1/7 D50-100 androgenised ewes. 
Following castration and progesterone priming the 
control, D30-80 and D50-100 ewes were evaluated for their 
capacity to display negative and positive feedback responses 
to oestradiol-1713 and testosterone. 	All these animals 
showed essentially feminine responses but the positive 
feedback responses were lower in the D50-100 ewes. 
The results of this chapter suggest that the brain 
centres that control gonadotrophin release may be modified 
by prenatal androgen and that this modification is most 






7.1 PRENATAL ANDROGENISATION OF EWES BY IMPLANTING THEIR 
PREGNANT MOTHERS WITH TESTOSTERONE 
Prenatal androgen caused morphological and behavioural 
masculinisation of female sheep and altered their endocrine 
function. 	Definition of the critical periods of gestation 
in which testosterone had maximal effects on the female 
fetuses was complicated by the mode of administration of 
the androgen that was employed in this study. 	Testosterone 
released from the subcutaneous implants that were placed in 
the pregnant ewes appeared to be metabolised more effectively 
within the maternal compartment as gestation advanced, and 
the amount of androgen reaching the fetus may have varied 
accordingly. 	The female fetuses of these implanted ewes 
may thus have been protected from the organising effects of 
testosterone at the time when they were still sensitive to 
androgenic modification. 
Oestrogen biosynthesis within the placenta may have 
meant that some of the testosterone which was given to the 
pregnant ewes was aromatised before reaching the fetuses of 
these ewes. 	This raises the question of whether the female 
fetuses of these ewes were partially 'masculinised' by 
oestrogens rather than androgens. 	Perinatal injection of 
female rats with oestrogen will cause behavioural masculin-
isation and sterility (Hendricks and Gerall, 1970; Brown-
Grant, 1974 b;c), but does not cause anatomical masculin- 
isation (Green, Burréll and Ivy, 1940). 	Masculinisation 
of the genitalia of the female lambs that were born to 
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testosterone implanted ewes was an indication that they had 
been directly exposed to androgen rather than oestrogens 
during fetal life. 
Progesterone antagonises the action of androgen in 
guinea pigs (Diamond and Young, 1963), and prevents neo-
natal androgenisation in female rats (Kincl and Maqueo, 1965; 
Arai and Gorski, 1968a). 	It may be significant that plasma 
from the umbilical artery of female rhesus monkeys contains 
more progesterone than plasma from males (Resko, 1974). 
Furthermore, the testosterone/progesterone ratio is much 
higher in the male fetal circulation than in the female 
during late gestation, and Resko (1974) suggests that the 
high levels of progesterone in female fetuses cancel the 
masculinising effects of any testosterone that may be present. 
The plasma progesterone levels of pregnant ewes increase 
considerably around mid-gestation (Bassett et al., 1969)., 
and it was suggested in Chapter Three that these increased 
levels may have reduced the effectiveness of the testosterone 
implants at this time. 
Sexual differentiation is dependent upon sex differ-
ences in the hormonal secretions of the gonads during 
development (see Figure 1.1) and it is relevant that plasma 
androgen levels are higher in male sheep fetuses than in 
females during early gestation (Pomerantz and Nalbándov, 1975). 
The plasma androgen level of male fetuses falls at mid-gestation 
to a level similar to that measured in female fetuses; the 
plasma levels of both sexes then rise towards term (Pomerantz 
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and Nalbandov, 1975). 	These authors have failed to present 
a statistical comparison of the plasma androgen levels found 
in male and female fetuses at various times of gestation, but 
it does appear that a major sex difference occurs only during 
the first half of pregnancy. 	The changes in the plasma 
androgen levels of fetal sheep are shown in Figure 7.1. 
With the available information it may be reasonable to 
assume that sexual differentiation of sheep is dependent 
upon the sex difference in androgen levels of the fetuses 
that occur before mid-gestation. 
Attal (1969) claims that fetal sheep testes contain 
androgens as early as day 30 of gestation, which is before 
the time at which gonadal differentiation is apparent 
histologically (Maule'on, 1961). 	At this time testicular 
androgen secretion is probably independent of stimulation 
by pituitary gonadotrophins. 	Two lines of evidence support 
this assumption; firstly, sheep gonads appear to differentiate 
before the pituitary gland begins to function (Foster, Roach, 
Karsch, Norton, Cook and Nalbandov, 1972a; see also below). 
Secondly, the embryonic testis may have an inherent steroido-
genic potential since work in the pig has shown that blasto-. 
cysts are able to synthesise oestrogens from neutral steroid 
substrates even before implantation (14 days post-conception) 
(Perry, Heap and Amoroso, 1973). 	Furthermore, mouse gonads 
explanted prior to sexual differentiation may survive in vitro 
to develop into ovaries or testes (Haffen, 1970) and human 





















DAY OF PREGNANCY 
BIRTH 
FIGURE 7.1: 
The Plasma Levels of LH and Testosterone and Pituitary 
LH Content in Fetal Sheep 
The data are derived from Attal (1969), Foster et al., 
(1972a)and Pomerantz and Nalbandov (1975). The arrow indicates 
the time of gonadal sex differentiation. 	The relevance of 
the trends shown in this figure is explained in the text. 
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(Villee, 1974). 
In the human there is good evidence that testosterone 
production in the male fetus is stimulated initially by 
chorionic 'gonadotrophin (Villee, 1974; Clements, Reyes, 
Winter and Faiman, 1976), but no such gonadotrophin has been 
identified in sheep. 	Maternal pituitary gonadotrophins are 
unable to cross the sheep placenta (Fost.er, Karsch and 
Nalbandov, 1972b), so that any gonadotrophin reaching the 
fetus during early life would have to originate from the 
fetal compartment. 	Further efforts to identify a chorionic 
gonadotrophin in the sheep placenta during early pregnancy 
may prove fruitful. 
Binns and his co-workers have described a cyclopean-type 
malformation in lambs which is caused by maternal ingestion 
of the range plant Veraturn californicurn in the first three 
weeks of pregnancy (Binns, Thacker, James and Huffman, 1959; 
Binns, James,-Shupe and Everett, 1963; Biuns, Shupe, Keeler 
and James, 1965). 	The ingestion of this plant during preg- 
nancy causes abnormal development of the fetal brain and 
prevents the formation of a pituitary gland (Binns et al., 
1959). 	In spite of the loss of the pituitary gland, sexual 
differentiation appears to procede in these lambs since the 
sex ratio of lambs born to affected ewes was normal. 	These 
data suggest that early sexual differentiation is independent 
of pituitary function. 	During late pregnancy however, the 
loss of the pituitary gland causes hypoplasia of the testes 
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(Liggins and Kennedy, 1968), suggesting that testicular 
function is under the control of the fetal pituitary-at 
this time. 
The fall in plasma androgen levels at mid-gestation 
in fetal male lambs may indicate a loss of the testes' 
spontaneous ability to produce androgens, but it could 
be due to a more rapid clearance of testosterone. 	This fall 
occurs in spite of rising fetal plasma LII levels (Foster 
et al., 1972a), suggesting that the testes are not sensitive 
to gonadotrophic stimulation at this time (Figure 7.1). 
The nadir in plasma androgen levels is followed by a rise; 
the rise accompanies a fall in plasma LH and a rise in 
pituitary LII content in male fetuses (Figure 7.1). 	This 
sequence of hormonal changes suggests that the gonadal-
hypothalamo-hypophyseal axis becomes functional  uu , iug 11-he 
second half of gestation. 	With the available data it seems 
reasonable to speculate that sexual differentiation of brain-
mediated traits is dependent upon the hormonal conditions that 
exist up until the time that the brain achieves competence 
to control gonadal function. 
The results of the present study offer considerable 
support for the hypothesis that sex differences in the fetal 
output of androgens during the first half of gestation are 
responsible for the sexual differentiation of sheep. 	Figure 
7.2 shows the times of gestation before which the implantation 
of testosterone into pregnant sheep causes masculinisation of 
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DAY OF FETAL LIFE 
FIGURE 7.2: 
The Stages of Gestation before which Testosterone 
Implants in Pregnant Ewes were Effective in Masculinising and 
Defeminising their Female Fetuses. 
The times before which testosterone must be present to 
affect the traits shown in the Figure are indicated by the 
arrows. 	Testosterone caused masculinisation of the external 
genitalia, sexual behaviour and urination behaviour. In-
hibition of ovulation and the capacity to display oestrus 
was regarded as a defeminising action of testosterone. 
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Chapters Three, Four and. Five. 	It is significant that the 
testosterone implants were maximally effective if given to 
the pregnant ewes before mid-gestation. 
7.2 THE EFFECTS OF PRENATAL ANDROGEN ON THE ANATOMY OF EWES 
The effects of prenatal androgen on the internal and 
external genitalia of ewes are consistent with the original 
theory of sexual differentiation that was proposed by Jost 
(1947; 1953). 	Although complete external masculinisation 
may only be achieved by the presence of androgen between 
days 40-50 of fetal life, the urogenital sinus and genital 
tubercle may be modified to a lesser extent up until day 
70-80. 	The day 50-80 period may represent a time during 
which the sensitivity of the genital primordia to androgen 
declines. 
Internally, the androgenised ewes possessed normal 
ovaries and a female reproductive tract, confirming that 
androgen does not inhibit ovarian development or prevent 
Müllerian duct proliferation (Jost, 1947; 1953; Jost et al., 
1963; Jainudeen and Hafez, 1965; Neumann et al., 1975). 
The development of a female reproductive tract may only be 
inhibited by a testicular secretion that has not yet been 
identified (Josso, 1974; Josso and Blanchard, 1974). 	The 
development of Wolf fian ducts is dependent upon androgens 
and again the results of the present study confirm observations 
in a variety of other species. (Jost et al., 1973). 
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7.3 THE EFFECTS OF PRENATAL ANDROGEN ON THE BEHAVIOUR OF 
EWES 
The masculine urination patterns of ewes that were 
androgenised before day 90 of fetal life provide a good 
example of the way in which prenatal androgen may affect 
a non-sexual type of behaviour. 	The masculine urination 
behaviour of these ewes persisted in spite of the fact that 
they sometimes showed oestrus. 	The effect of pre- 
natal androgen on urination patterns in the sheep are more 
clear cut than in the dog. 	Androgenised female dogs may 
adopt either male or female patterns of urination, and the 
relative frequency of each type indicates the extent to 
which the androgen treatment has modified the animals' 
behaviour (Beach, 1975). 	Furthermore, the situation in 
dogs is complicated by the fact that normal males sometimes 
adopt a female urination pattern and vice versa (Beach, 1975; 
Clarke, personal observations). 	In the present study, andro- 
genised ewes that exhibited a masculine urination pattern 
were never seen to show a female pattern. 
Also of significance was the persistence of a male or 
female pattern of urination in the androgenised ewes and 
control ewes following ovariectomy. 	This observation was 
in agreement with Beach's finding that urination behaviour is 
"not under the direct influence of activation or concurrent 
stimulation of gonadal hormones" (Beach, 1975). 
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An interesting comparison may be made between urination 
behaviour and oestrous behaviour. 	The oestrous ewe often 
squats (lordosis) and urinates at the initiation of her 
courtship display to attract the attention of a ram (Hafez, 
Cairns, Hulet and Scott, 1969). 	When androgenised ewes 
urinate they do not squat, yet the absence of lordosis does 
not appear to deter the ram. 	Indeed, rams were often seen 
to sniff the penis of completely masculinised (D30-80) ewes 
and scent the urine. 	Thus it seems that neither squatting 
nor the possession of female external genitalia are necessary 
for the initiation of courtship by the ram, who may be primarily 
motivated by urinary pheromones. 	Rams rendered anosmic 
became less efficient in detecting oestrous ewes (Lindsay, 
1965), indicating the ram's reliance on olfactory cues. 
When ewes were disguised with covers, rams were still able 
to detect 'fresh' ewes from 'recently mated' ones (Beamer, 
Bermant and Clegg, 1969), again suggesting that rams use 
their nose more than their eyes during courtship. 
It was suggested in Chapter Four that prenatal androgen 
acts in two ways on the female brain. 	In summary, androgen 
must be present before mid-gestation (when androgen levels 
are high in male fetuses and low in females; Figure 7.1), 
and the effect of androgen at this time may be reinforced by 
its presence again during later development. 	In the present 
study the females that were most markedly affected by prenatal 
androgen were those that had been exposed to testosterone both 
before mid-gestation and afterwards. 	The results of Short 
(1974) also show that the length of time during which androgen 
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is present may also be important. 	In Welsh Mountain ewes 
that were androgenised from day 20 or day 60 of gestation 
until term, oestrous behaviour never occurred (Short, 1974), 
and these animals could not be brought into heat even with 
a dose of 800 ig oestradiol benzoate (Chapter Four).----This 
contrasts markedly with the results obtained from ewes that 
were exposed to testosterone for only 50-day periods of fetal 
life. 	The 50-day treatments never completely eliminated 
a ewe's capacity to display oestrus. 	It does not seem 
unreasonable that the longer treatment periods were more 
effective in masculinising and defeminising female fetuses 
when, one considers the normal male situation whereby androgens 
are continually present from day 30 of fetal life (Attal, 1969). 
The sexual behaviour of the androgenised ewes was inde-
pendent of the type of external genitalia that they possessed. 
For example, the ewes with a penis (D30-80) displayed less 
masculine behaviour during adulthood than ewes with only 
partially virilised external genitalia (D50-100 and D70-120). 
These results indicate that the behavioural effects of steroids 
- for instance, the sensitisation of the external genitalia 
by steroids - were unlikely to be the reason for the enhance-
ment of masculine behaviour in the' androgenised ewes. 	Beach 
(1971) has pointed out that early androgen treatment of 
females may cause their masculine sexual behaviour to be more 
pronounced because the treatment causes phallic enlargement 
and the phallus may then be sensitised in adulthood by the 
animal's own hormone secretions or by exogenous hormones. 
This argument is only relevant to species in which prenatal 
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androgenisation causes phallic differentiation in females 
at the same time as it causes behavioural masculinication, 
,and this it true for the guinea pig, rat, dog and rhesus 
monkey. 	In the ferret, prenatal androgen differentiates 
the phallus of female fetuses but postnatal androgenisation 
is more effective in causing behavioural masculinisation 
(Baum, 1976). 	Likewise in sheep, it appears that anatomical 
masculinisation occurs at an earlier stage of development 
than does behavioural masculinisation (Figure 7.2). 
It was emphasised in Chapter One that masculinisation 
and defeminisation of behaviour by perinatal androgen are 
probably separate events, and that the enhancement of masculine 
behaviour does not necessarily indicate the suppression of 
feminine behaviour. 	This theory has been upheld by the 
results of the present study. 	For example, androgenised 
ewes that showed masculine behaviour were not precluded from 
showing oestrous behaviour, although they may not have' had 
regular oestrous cycles. 	Table 7.1 shows the extent to 
which masculine and feminine traits may exist in the same 
individual. 	With the exception of one combination, viz. 
masculine genitalia and feminine pattern of urination, the 
only traits that could not exist in combination in andro-
genised ewes were those that were mutually exclusive - i.e. 
masculine genitalia or feminine genitalia, and a masculine 
pattern of urination or a feminine pattern of urination. 
The D30-80 and D50-100 ewes had their oestrous behaviour 
suppressed to a similar extent by prenatal androgen, yet the 
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TABLE 7.1 
THE INTER-RELATIONSHIPS BETWEEN MASCULINE AND 
FEMININE TRAITS IN ANDROGENISED EWES 
A cross indicates that both the traits described 




Feminine Feminine Oestrus Ovulation Positive 
Genitalia Urination Feedback 
Masculine 
Genitalia + + + 
Masculine 
Urination +* + + + 
Mounting + + + + + 
Aggression + + + + + 
* Partially masculinised external genitalia 
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latter showed significantly more masculine behaviour than 
the former. 	This may mean that the critical period for 
the suppression of oestrous behaviour occurs before the 
critical period for the masculinisation of behaviour. 	In 
support of this argument it is relevant that two of the 
D70-120 ewes experienced regular oestrous cycles, yet the  
ewes of this group also showed considerable behavioural 
masculinisation. 	However, to provide convincing evidence 
that behavioural masculinisation and defeminisation occur 
at separate stages of development it would be necessary to 
androgenise female fetuses for much shorter stages of 
development than the-50-day periods that were used in the 
present study. 
In hamsters, less neonatal androgen is required to 
cause mounting behaviour in females than is required to 
suppress lordosis (Debold and Whalen, 1975). 	Furthermore, 
neonatal treatment with testosterone will cause enhanced 
masculine behaviour in females of this species without causing 
defeminisation, whereas a neonatal injection of the longer 
acting androgen, testosterone propionate, will cause both 
masculinisation and defeminisation (Payne, 1976). 	Like the 
ewe, the female hamster rarely displays masculine behaviour 
(Tiefer, 1970; Swanson and Crossley, 1971) so that the 
behavioural effects of androgenisation in female hamsters is 
more relevant to the present study than the effects of andro-
genisation in other species where females normally show 
masculine behaviour (Beach, 1968). 	In hamsters it is easier 
to cause behavioural masculinisation than to cause behavioural 
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defeminisation, but this does not hold as a general rule that 
may be applied to sheep. 	At one end of the spectrum, 
androgenised ewes (D30-80 group) were behaviourally defeminised 
but did not show maximal masculinisation, whereas at the other 
end of the spectrum an enhancement of masculine behaviour was 
evident without the suppression of regular oestrous behaviour 
(two D70-120 ewes and the D90-140 ewes). 	The behavioural 
effects of the prenatal androgen treatments were thus depen-
dent upon the stage of fetal development during which they 
were imposed and not on whether the masculinisation or 
defeminisation processes were more or less sensitive to the 
androgen. 
The failure of the androgenised ewes to display regular 
overt oestrous cycles was not an artefact of their ovulatory 
failure since many of these ewes had regular ovulatory 
cycles. 	Furthermore, the majority of the D30-80 and D50-100 
ewes failed to show oestrus following progesterone therapy 
or progesterone and oestrogen therapy. 	This indicates that 
their capacity to display oestrus was more readily inhibited 
by the prenatal androgen than was their capacity to ovulate. 
The prenatal androgen treatments that caused the greatest 
degree of behavioural masculinisation were the same treatments 
that caused the greatest degree of ovulatory failure (D50-100 
and D70-120). 	This may mean that these treatment periods. 
were within the time of maximal brain sensitivity to andro- 
gen. 	It is tempting to suggest that the period of gestation 
that is common to these two treatments (days 70-100) is the 
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time at which the brain may be most extensively modified by 
androgen. 	This is certainly not the case because ewes 
that were exposed to testosterone from day 80 (Short, 1974) 
or day 90 of fetal life until just before birth were not 
prevented from ovulating in adulthood and did not show such 
high levels of masculine behaviour as ewes that were andro- 
genised earlier in fetal life. 	Furthermore, the ewes that 
were exposed to testosterone up until day 80 of gestation 
were not so severely affected as the D50-100 and D70-120 
ewes. 	This argues for the androgenic modification of the 
brain being caused by an initial effect before mid-gestation 
and a reinforcement of this effect later in gestation (see 
above). 
The sexual behaviour of the androgenised ewes was 
observed in the field which was a social situation and also 
during pairing tests in which two animals were observed in 
isolation. 	In the field each animal was free to interact 
with aram, an oestrous ewe or an androgenised ewe; the 
animals thus had freedom of choice to exhibit either male 
or female behaviour. 	Undoubtedly the field behaviour of 
these ewes was a true reflection of their inherent behaviour 
since artificial influences affecting the flock were kept 
to a minimum. 	This is important since work with rodents 
has shown that their behavioural display may be modified 
depending upon the way in which they are observed (Clemens 
et al., 1969; Brown-Grant, 1975). 	Artificial manipulation 
of test conditions may not give a true indication of the 
animals' behaviour. 	On the other hand, behaviour of an 
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animal in the field may be provoked by the behaviour of its 
conspecifics.. For example, the androgenised ewes may have 
been stimulated to show mounting and aggressive behaviour 
when they noticed the ram mounting another-ewe. 
When the shortcomings of field observation were over-
come by watching the androgenised ewes in isolation (following 
castration and treatment with progesterone and oestradiol_1713 
or progesterone and testosterone) their behavioural patterns 
followed the same trends that were observed in the field. 
Following observations under these two regimes it was clearly 
apparent that the androgenised ewes could exhibit all 
components of masculine behaviour and occasionally show 
oestrus. 
Perhaps one of the most important findings of this 
study was the behavioural effects of single injections of 
steroids in androgenised and normal ewes after castration. 
It was pointed out in Chapter One that masculine behaviour 
of castrates has generally been tested following prolonged 
steroid administration. 	This may be misleading because 
long term treatment with steroids may promote enhanced 
masculine behaviour irrespective of sex (Hudson et al.,, 1956; 
Noble, 1974). 	In the present study single injections of 
oestradio1-17 or testosterone were sufficient to provoke 
masculine or feminine behavioural responses in ewes, the type 
of response depending upon the sex of the ewe's brain. 	That 
oestrogen could provoke masculine behaviour in the androgenised 
ewes was not unexpected as similar results have been obtained 
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in castrated male and female rats and hamsters (Pfaff and 
Zigmond, 1971; Sodersten, 1973 a;b; Johnson, 1975). 
Castrated stags will commence rutting if they are given an 
implant of oestradiol-1713 (Fletcher and Short, 1974). 
A discrepancy exists with respect to the timing of the 
onset of oestrus following luteal regression in entire andro-
genised and control ewes, and the timing of the onset of 
oestrus in castrated androgenised and control ewes following 
injection of oestradiol-173 or testosterone. 	The results 
from the castrated animals are taken as being more informative 
since the exact timing of the steroid influence is known. 
From the results in castrates it was apparent that feminine 
responses to steroids were poor since the androgenised ewes 
took longer to come into oestrus following the steroid 
injections and had shorter oestrous periods than the control 
ewes. 
In the present study oestradiol-17 and testosterone 
had equal effectiveness in promoting male behaviour in andro-
genised ewes. 	In retrospect however, the effect of these 
hormones may not be compared with strict validity since 
different dosages were used for the different hormones. 	It 
would be interesting to compare the behavioural effects of 
both hormones at the same dose in masculinised individuals. 
The ewes with masculinised brains showed masculine 
behaviour with either oestrogen or testosterone, whereas 
the ewes with feminine brains showed feminine responses. 
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This result is summarised in Figure 7.3, which emphasises 
that the behaviour of an individual is dependent upon 'brain 
sex' and not upon the type of hormone that is given. 
Behavioural defeminisation in androgenised ewes may be 
partly explained by a loss of brain sensitivity to oestrogen 
since they are refractory to the oestrous inducing properties 
of this hormone. 	This however, does not explain the 
behavioural masculinisation of these ewes. 	The most simple 
explanatiOn of the behavioural, effects of prenatal andro-
genisation in ewes is that a qualitative shift in behavioural 
potential occurs; a loss of the potential to display feminine 
behaviour and an acquisition of the potential to display 
masculine behaviour is effected. 	Thus either testosterone 
or oestrogen causes feminine behaviour in ewes with a female 
brain and masculine behaviour in ewes with a masculine brain. 
7.4 THE EFFECTS OF PRENATAL ANDROGEN ON THE REPRODUCTIVE 
ENDOCRINOLOGY OF EWES 
There is considerable evidence that perinatal androgen 
disrupts ovarian cyclicity in females by affecting the 
development of.brain centres that control gonadotrophin 
secretion (Chapter One). 	The results of this study suggest 
that a lowered hypothalamic sensitivity to oestrogen was 
the most probable cause of ovulatory failure in prenatally 
androgenised ewes. 	Pituitary function appeared normal in 
the androgenised ewes since an injection of 100 ig LH-RH 
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FIGURE 7.3: 
Behavioural Responses to Oestradiol-1713 and Testosterone 
This figure shows how either hormone will cause masculine 
or feminine behaviour depending upon whether an individual 
has a masculine or a feminine brain. 
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with earlier studies showing that the pituitary is unaffected 
by prenatal androgen (Harris and Jacobsohn, 1952; Martinez 
and Bettner, 1956; Segal and Johnson, 1959; Barraclough and 
Turgeon, 1975). 	The ovaries of the androgenised ewes also 
seemed capable of normal function since the LH-RH induced LH 
surge caused ovulation in all cases. 	Furthermore, the 
concentrations of oestradiol-17, androstenedione and testos-
terone in the ovarian venOus plasma of these ewes were similar 
to the levels found in normal ewes. 	By elimination it 
was thus apparent that ovulatory failure caused by prenatal 
androgenisation was most probably due to an alteration in 
their hypothalamic function. 	Evidence from a variety of 
species suggests that perinatal androgen acts directly upon 
the hypothalamus to cause sterility in females (see Chapter 
One). 	The results presented in Chapter Six suggest that 
ovulatory failure in prenatally androgenised ewes was probably 
due to their lowered hypothalamic sensitivity to oestrogen. 
Evidence to support this claim comes from three experiments. 
Firstly, an experiment was conducted to measure the 
endogenous LH secretion in androgenised and control ewes 
following luteal regression. 	Some of the androgenised ewes 
showed a delay in the time from luteal regression to the LH 
peak compared to control ewes, and in others no ovulatory 
surge in LH secretion was observed during the sampling 
period. One D50-100 ewe showed an LH peak that was smaller 
in magnitude than the peaks observed in the control ewes. 
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A lower LH peak was measured in castrated ewes given oestradiol 
benzoate during anoestrus than was seen in the same ewes given 
the same dose during the mating season (Land et al., 1976) 
and these authors suggested that this effect was due to 
seasonal changes in the ewes' hypothalamic sensitivity to 
oestrogen. 	A lowered sensitivity to oestrogen may have 
been the reason for the reduced LH peak in the D50-100 ewe. 
Secondly, the androgenised ewes were less sensitive 
to an injection of oestrogen during anoestrus than were the 
control ewes. 	The seasonal insensitivity of the hypothalamus 
to oestrogen (Beck and Reeves, 1973; Land et al., 1976), 
superimposed upon these ewes' inherent hypothalamic insen-
sitivity is the most probable reason for their poor responses 
at this time of the year. 
Thirdly, when castrated androgenised ewes were given 
progesterone and oestradiol-17P or progesterone and testosterone 
during the mating season, .the positive feedback responses 
were significantly lower, in the D50-100 ewes than in 
castrated controls. 	It is significant that ovulatory, failure 
was more marked in the D50-100 ewes than in the D30-80 ewes 
and the responses of the latter group did not differ from the 
control responses. 
Ewes that were androgenised for 50-day periods of fetal 
life retained the capacity to display positive feedback, so 
their hypothalamic centres controlling gonadotrophin release 
were not masculinised by the prenatal androgen treatments. 
243. 
This result contrasts with data obtained from neonatally 
androgenised female rats which showed a complete absence of 
positive feedback (Brown-Grant, 1974 a;c). 	The 'high' doses 
of neonatal androgen that were used by Brown-Grant may have 
been the cause of this apparent species difference, since 
the ewes of the present study were exposed to relatively 
'low' doses of androgen (Chapter Three). 	It would be inter- 
esting to know whether 'low' doses of neonatal androgen 
- e.g. 10 ig - would impair the positive feedback mechanism 
in female rats. 	The positive feedback responses of the ewes 
androgenised by 50-day treatments also contrast with the 
findings of Short (1974). 	Ewes androgenised from day 20 
or 60 of fetal life until just prior to term were incapable 
of displaying a positive feedback response to oestrogen 
during anoestrus. 	It has been pointed out above that poor 
Positive feedback responses in ndrncni cr1 	 iliirino- 
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anoestrus may not mean that these ewes are incapable of 
showing a response during the mating season, and this may be 
the reason for the discrepancy between Short's findings and 
the results of the present study. 	However, it is also 
possible that the length of time over which the female brain 
is exposed to androgen is important in determining brain 
sex. 
Whereas androgenisation of ewes caused a qualitative 
shift (feminine to masculine) in the type of sexual behaviour 
that they displayed as adults, the changes in their hypo-
thalamic regulation of LH secretion were quantitative. 	The 
androgenised ewes remained capable of showing a feminine 
244. 
endocrine response to oestrogen or testosterone, but the 
magnitude of these responses was lower in some of these 
animals compared to normal females. 	It is suggested that 
these lowered endocrine responses were the most probable 
reason for ovulatory failure in androgenised ewes. Perhaps 
prenatally androgenised ewes have a lower number of hypo- 
thalamic oestrogen receptors than normal ewes; this 
possibility should be investigated. 
Interesting comparison can be drawn between the endo-
crine responses and the behavioural responses to oestrogen 
in the androgenised ewes. 	When these animals were given 
oestrogen during anoestrus, they were able to show feminine 
endocrine responses but masculine behavioural responses. 
These findings were repeated when the ewes were given oestrogen 
or testosterone during the mating season. 	The presence or 
absence of positive feedback was not necessarily an indication 
of the type of sexual behaviour that the individual was 
likely to show. 	This is important since Dorner, Rohde, 
Stahl, Krell and Masius (1975) have claimed that the presence 
of positive feedback in men is correlated with homosexual 
behaviour. 	Within the limits of interspecific comparisons, 
the results of the present study suggest that this may not 
be the case. 
In striking contrast to the behavioural effects of 
prenatal androgenisation, the pattern of LH secretion in the 
androgenised ewes was not masculinised. 	This is different 
to the situation in rats where perinatal androgenisation of 
245. 
females abolishes positive feedback (Brown-Grant, 1974c). 
In monkeys, prenatal androgenisation of females does not 
prevent ovulation during adulthoOd (Goy and Resko, 1972) but 
in this species the male will also show positive feedback 
(Knobil, 1974). 	It thus appears that sheep lie midway 
between rats and monkeys with respect to brain mechanisms 
that regulate gonadotrophin secretion and ovulation. 	Early 
androgen treatment abolishes positive feedback in female 





Prenatal androgen has been shown to cause anatomical 
masculinisation of ewes in accordance with the current theory 
of sexual differentiation. 	Behavioural masculinisation and 
defeminisation of ewes was also caused by the prenatal 
treatment; this was represented by a qualitative shift 
from feminine behaviour to masculine behaviour in prenatally 
androgenised ewes. 	Prenatal androgen did not cause ewes to 
have a masculine pattern of LH secretion since they retained 
the capacity to show positive. feedback. 	Ovulatory failure 
in androgenised ewes may be due to a reduction in the oestrogen 
sensitivity of the hypothalamic centres that control the 
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